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Abstract 
This research investigated the underlying factors related to reading and writing 
difficulties, and how these factors may vary depending upon language and script. The 
research compared three diverse scripts: English, an opaque language for which there 
is a large body of prior research; Hungarian, a transparent script with an agglutinal 
orthography; Chinese, a logographic or morphophonemic script. Work reported in the 
Brasileira and Welsh scripts provided further comparisons between language contexts. 
Cohorts were selected based on poor literacy scores without reference to external 
diagnostic criteria. Good and poor literacy groups were matched on age, sex, schooling 
and Raven's Matrices to confirm that global deficits were not an issue. Tests were 
devised that included measures of phonological segmentation and assembly skills, 
auditory discrimination and storage skills, visual perception and memory skills, speed 
of processing and lexical access, as suggested by the hypothesized framework. 
The results suggest that whereas phonological segmentation and assembly skills are 
important predictors of literacy difficulties in English, this is not necessarily the case in 
the other languages where auditory or visual skills and speed of processing seem 
especially important for differentiating good and poor literacy ability groups. The lack 
of variance predicted in Hungarian and Chinese suggests that further tests, such as 
morphemic awareness, should be included in subsequent studies. Furthermore, 
consideration should be given to extending the framework to include explicitly a visual 
analogy to the phonological segmentation and assembly skills. 
The research also demonstrated that predictors of literacy skills vary between children 
with and without literacy problems, suggesting that a linear model may not be valid 
and that interpretation of continuous data sets should be treated with caution. 
The purpose of investigating underlying difficulties of those with reading and writing 
difficulties is to identify the areas of difficulty which may help inform teaching 
practice. This research suggests that it is important to understand the issues and 
cognitive deficits of the individual, to consider the language context, and not make the 
assumption that what works in one country is valid in another. 
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Dyslexia, specific learning difficulties 
&0 
and cognitive profiles 
'Packing something, 'said Winnie- 
the-Pooh very mysteriously. 
'packing what? 'said Piglet, coming 
closer. 
'That ý just what I ask mysetf I ask 
mysetf, What? ' 
'What do you think you'll answer? ' 
'I shall have to wait until I catch up 
with it, 'said Winnie-the-Pooh. 
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Overview 
Chapter 1- Dyslexia, specific learning difficulties and cognitive profiles 
In setting the scene for a scientific enquiry into the cognitive difficulties underlying 
reading and spelling processing in different languages, this chapter addresses a number 
of issues, including the use of different terminology, and in particular the divergent use 
of the term dyslexia. 
The chapter provides a brief historical overview of research into literacy difficulties, 
and the conflicting demands of those concerned with dyslexia. It looks at the different 
approaches that may be taken in the formulation of a definition, and how legislation in 
some countries is moving away from categorical descriptors such as 'dyslexia'. The 
effects of definitions and criteria on prevalence, are also discussed. 
Finally there is an analysis of the use of the terminology in different language contexts 
that highlight the need for consensus, as well as the requirements of this research to 
avoid a methodology that would be influenced by conceptual differences in these 
different language contexts. 
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1.1 Concepts and scientific theories 
In the classical theory of concepts McShane (1991) suggests "that all instances of a 
concept shared one or more common properties; that the common properties defined 
the concept; and that the common properties are necessary and sufficient for an entity 
to be categorized as an instance of the concept. " (pl26). 
To illustrate this, Smith and Medin (1981, p2, cited in McShane, 1995) used the 
classical theory as applied to the concept of a square: 
Suppose that people in general represented this concept in terms offour 
properties; (1) closedfigure, (2) four sides, (3) sides equal (in length), and (4) 
angles equal. Since these four properties, or criteria, would be applied to any 
object whose squaredness is at issue, we have a unitary description of the concept 
'square'. Moreover, the four properties that make up this concept are precisely 
those that any square must have. Roughly, then, to have a classical view concept 
is to have a unitary description of all class members, where this description 
specifies the properties that every member must have. 
However, in his discussion of the classical theory of 'concepts', )Vittgenstein (1953) 
looked at the concept of games, and how it changes with different uses of the term. He 
realised that there were similarities and relationships, but nothing common to all of its 
uses. Board games, card games, team ball games orjust throwing a ball against a wall 
- these are all games. )Yinners and losers are not necessary, and whilst some may 
require luck, others may need skill. There are no defining features, or common 
characteristics that allow these, and Ring-'a-roses, to all be games. As a result, 
Wittgenstein refers to a "family resemblance" rather than specific properties. 
Historically, much of the-work on dyslexia has been approached from a "classical 
concept" perspective. That is, an assumption that there must be a core deficit that is 
common to all dyslexic individuals. However, in this thesis it will be demonstrated that 
the approach of Wittgenstein, which would see concepts as a "network of overlapping 
and criss-crossing similarities" (McShane, 1991, p128), may be more appropriate for 
dyslexia than a classical concepts viewpoint. 
Karl Popper (1976) suggested that any scientific endeavour, in order to call itself 
scientific, should have at the heart of the work a testable hypothesis. That is, the 
hypothesis should be clearly set out in a manner whereby it may be disproven. 
Advances in scientific research occur through the process of scientific reductionism 
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whereby each level of analysis may be mapped at a successively more basic level 
(Churchland, 1979), each of which itself can be conceived within the Popper principles 
of scientific rigour. The field of dyslexia finds itself at one-and-the-same time both 
within the realms of scientific research, and ignoring its very principles, eg failing to 
provide a consensus on the definition of dyslexia, and using a diversity of selection 
criteria in research. 
Berlin (1887), in his monograph "Dyslexia Eine besondere Art der Wortblindheie', is 
accredited as the first to use the term dyslexia when referring to the acquired loss of 
reading ability, though ten years earlier Kussmaul (1877) had proposed the term 'word- 
blindness' or 'caecitas verbalis' for an acquired loss of words, thus introducing the 
visual analogy. Dejerine (1892) deduced that lesions in the medial and inferior portions 
of the left occipital lobe could lead to acquired dyslexia, and that fibres connecting the 
occipital lobes were also significant. Morgan (1896) continued to use the visual 
metaphor, referring to the specific learning difficulty he encountered as "congenital 
word-blindnese', whilst Hinshelwood (1917) defined word blindness as a pathological 
condition due to a disorder of the visual centres of the brain, which produces difficulty 
in interpreting written language. The visual deficit hypothesis, perpetuated by the likes 
of Orton (1937), was brought in to question by Vellutino (1979) who suggested that 
whilst there may be visual difficulties in those with dyslexia, research to that point did 
not support the notion that visual deficits were the primary cause of dyslexia. Only in 
more recent years have assessment and research approaches attempted to combine the 
theories of the dominant phonological deficit hypothesis (eg Snowling, 2000) with 
those concerned with memory deficits (eg Gathercole et al, 1997) visual deficits (eg 
Stein 2001, Lovegrove 1991), rapid naming (Denckla et al, 1974; Wolf 2001) and 
lexical considerations (Elbro et al, 1996) to explain literacy acquisition difficulties. 
This marks a return to the practice of looking at all cognitive aspects established in 
eastern Europe in the early part of the last century (eg Ranschburg, 1916; Vygotsky, 
1978; Luria 1976). 
Whilst the consensus of underlying difficulties and best methods of remediation 
remained unclear, some of those charged with the provision of education guidelines 
early in the last century (eg Burt, 1920) recognised the need to differentiate between 
those with "congenital word-blindness ........ from one who is in every respect mentally 
defective. " (p265). He also recognised that a deficit in any one component related to 
reading and spelling (eg visual or auditory memory deficits) would still allow the 
teacher to find an alternative strategy to overcome the specific difficulties. 
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This clear understanding of the issues eighty years ago, encapsulated the current 
theories of dyslexia, specific learning difficulties and cognitive profiling. It (Burt, 
1927) may be summarised as follows: 
a) the reading process involves many different cognitive abilities 
b) any one of those abilities may fail independently 
c) the failure of one of those abilities will adversely affect the reading process 
d) the dyslexic child can be taught, provided the teaching styles match the child's 
leaming styles. 
Given the volume of research into reading and writing that is carried out in English, it 
is not surprising that frameworks for an understanding of the reading process, and in 
particular difficulties in acquiring literacy skills, are based on the English orthography. 
As a consequence, arguably, there has been a tendency to concentrate on phonological 
deficits, since research (mostly in English) suggests a cognitive difference in this area 
appears to be the most significant contributor to reading and writing difficulties. 
However, it does not account for all of the difficulties, and as will be demonstrated in 
later chapters, there are many children, and many languages, where a phonologically 
based remediation programme may be inappropriate given that their specific 
difficulties do not respond to that approach. In addition, this phonological approach 
cannot provide a model that will work with the diverse nature of scripts found around 
the world, where the relationship between sound and graphical representation is 
completely different to that of English, such as to be found in Chinese. 
Assessment procedures concerned with reading and writing difficulties usually use 
both attainment and cognitive measures to separate the two groups (see, for example 
Turner, 1997). However, there are no universal criteria which may be used, and the 
terminology and reference points for both classification and investigation/assessment 
are constantly in dispute (Rutter, 1978; Smythe and Everatt, 2000; Stanovich and 
Siegel, 1994; Vellutino, 1978). Furthermore, there is no consensus as to the cognitive 
processes that need to be investigated, and which may lead to the behavioural 
outcomes associated with dyslexia. (See for example Bruck, 1990; Olson et al, 1989; 
Stanovich, 1986; Tallal, 1984; Vellutino, 1979; Wolf, 2001. ) Whilst reductionism may 
prove (or disprove) the importance of various cognitive functions, until a consensus is 
reached in terms of both definition and methodologies, comparative research will 
continue to be problematic, particularly in cross-linguistic comparisons (eg Salter and 
Smythe, 1997). 
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In his original report Morgan (1896) noted "He (Percy) has always been a bright and 
intelligent boy, quick at games, and in no way inferior to others of his age. His great 
difficulty has been - and is now - his ability to learn to read. " (pl378) In doing so, 
Pringle Morgan was setting the pattern for the next one hundred years of using an 
"intelligence"/word reading ability discrepancy model to define dyslexia (word 
blindness). This model, using aptitude (as usually measured by intelligence tests) as a 
criterion, assumes cognitive differences between the two groups of poor readers - those 
with high aptitude and those with low aptitude. Such assumptions, until recently (eg 
BPS, 1999), became embedded in both the scientific research into dyslexia, as well as 
the policies and legislation designed to protect the rights of the dyslexic individual. 
Central to the discussion is the question as to whether the difference is a 
developmental delay or a cognitive processing difference. Stanovich (1991) suggested 
more specifically that in the traditional discrepancy-based definitions the group of poor 
readers without the discrepancy will have a developmental lag, and the one with the 
discrepancy will use different cognitive processes. It may be argued that the way to 
test this hypothesis (that the difference islis not developmental) is by researching the 
cognitive processes of two groups (normal age appropriate readers and poor readers) 
who are reading age matched, rather than chronologically age matched. In a 
comparison between chronologically age matched good and poor readers there may be 
significant differences in many tasks though the direction of the causal relationship 
may become unclear, as some cognitive abilities may be driven by reading experience, 
thus blurring the distinction between innate and acquired skills (Stanovich 1986). 
Although reading age matched studies appear to allow a better understanding of the 
skills that lead to a specific reading achievement, a number of experimental design 
issues, mostly concerned with methodological and interpretation difficulties still 
remain (Goswami and Bryant, 1990; Jackson and Butterfield, 1989), and use of this 
method to test causal hypotheses has been criticised (eg Stanovich and Siegel, 1994). 
Methodological difficulties of producing sufficient matched pairs to provide statistical 
validity has forced many investigators to use data from a number of studies (eg 
Snowling, Stackhouse and Rack, 1986) which may lead to some factors, eg influence 
of the leaming environment, not being controlled. 
1-7 
Chapter I- D)ulexia, specific learning difficulties and cognitive profiks 
1.2 Ways of derming dyslexia 
In her review of definitions of dyslexia, Miles (1995) started with a synopsis of the 
work of Robinson (1950) and the purpose of definitions. Miles includes the following 
uses within the context of dyslexia: 
0 the search for a cause 
an attempt to determine the conditions in which something occurs 
the search for a key that will explain a mass of facts 
improving one's concept 
saying how a word is used. 
To this Miles (1995) added: 
stating its place in the context of national educational policy 
giving a guide to diagnosis 
finding a watertight legal description that will automatically give entitlement to 
special help or provision 
showing off one's pet theory and trying to impose it on others. 
In order to comprehend the demands made upon a definition it is also necessary to 
understand those that are using the terminology, and why. Stanovich (1992) also noted 
that definitions of dyslexia may serve many different purposes, and conceptualised the 
differences as follows: 
for scientific purposes, whereby assumptions may be judged by research criteria 
for school personnel whereby additional services may be provided for low 
achievers 
for parent groups who will use a definition for advocacy in resource allocation 
within the legislation. 
Each interest group, be they researchers, educators, politicians, employers, parents or 
dyslexic individuals, has a reason why they should be interested in dyslexia, and their 
requirements of a definition may vary. 
Researchers 
The researcher needs a definition of dyslexia in order to construct valid research, and 
provide a consensus on cause, effects, consequences, remediation etc. The lack of a 
clear and concise definition hampers advancement, and may lead to difficulties in 
reproducability. The difficulty for the researcher is the need for a working hypothesis 
1-8 
Chapter I- Dyslexia, specific kanting diffilculties and cognitive profiks 
which must be related to an unequivocal definition of dyslexia. The work must be 
carefully controlled in order to eliminate confounding variables, such as environmental 
factors, when searching for cognitive differences, and the choice of potential 
confounding variables will be determined by the researcher's perspective of the 
problem area. In referring to the ability of dyslexia research to take advantage of the 
latest scientific advances, Pennington (1986) stressed that the usefulness of these 
techniques is directly affected by how the behavioural phenotype in question is 
defined. 
Parents 
Parents (and parent advocacy groups) require a definition of dyslexia that will help 
ensure their children will be allocated appropriate resources (human and financial). 
They also prefer terminology that clarifies that dyslexic individuals are distinguishable 
from those with low general intelligence (Hunter-Carsch, 2001). However, 
increasingly, government legislation around the world is backing away from 
categorical classification (ie. dyslexic or not dyslexic) to an approach that 
acknowledges a continuum of difficulties and abilities. (See DfEE Code of Practice, 
2000 - UK; Disability Discrimination Ordinance, 2001 - Hong Kong). This should 
ensure greater emphasis on individual education plans built upon cognitive strengths 
and weaknesses rather than imprecise and often arbitrary diagnostic categories. 
Educators 
Educators need a definition in order to allocate resources, both at the classroom and at 
local education authority level. The definition should provide a framework for the 
assessment process, which the teacher may then use to construct the individual 
education plan. However, financial constraints often lead to provision being based on 
local demands rather than national standards and as a consequence arbitrary cut-off 
criteria are used. 
Politicians 
Politicians will sway to the demands of their constituents, and much of the dyslexia 
related legislation around the world is as a direct or indirect consequence of political 
pressure. There are no instances known by the author (see Salter and Smythe, 1997) 
where government legislation has preceded parental lobbying. There are instances 
where political dogma is dictated by individuals whose ideas have not kept pace with 
current theories and, as a result, teaching practice is failing not only the dyslexic 
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individual, but every child. According to Capovilla and Capovilla (in press) the 
Education Ministry in Brazil insists on promoting the so called "constructivist" (eg 
Ferreiro, 1986) or whole language approach, despite extensive data, both Brazilian and 
international (eg Capovilla and Capovilla, 2000), that highlight the benefits that a 
phonics based programme could bring. Provision of a definition of dyslexia for legal 
purposes would create cut off criteria, and enforce resources to be allocated. By using 
legislation that does not provide a clear definition or criteria, those allocating limited 
resources can do so according to their own, varying, (eg budgetry restrictions) criteria, 
rather than on a needs basis. Example of alternative approaches will be found in the 
English Special Educational Needs Code of Practice (DfEE, 2000) and the Hong Kong 
Disability Discrimination Ordinance DDO (HKED, 2001). 
Employers 
Increasingly governments are implementing legislation to protect the rights of the 
disabled individual including the dyslexic (eg the Disability Discrimination Act in the 
UK and Disability Discrimination Ordinance in Hong Kong), in response to the 
Standard Rules on the Equalization of Opportunities resolution adopted by the UN 
General Assembly in 1994 (UN, 1993). This resolution provides 'rules' on the 
provision of inclusive measures, but fails to provide adequate definitions or criteria 
relating to disabilities for ensuring appropriate implementation of those rules. This will 
create problems for employers hoping to provide adequate resources and assist their 
employees appropriately, but who do not know who is eligible. In the case of the UK 
Disability Discrimination Act (DfEE, 1995), it is suggested that the employer makes 
reasonable adjustment, but fails to identify who should qualify for these adjustments 
since a definition is not provided. The CBI, in its response to the consultation on the 
new Code of Practices (DfEE, 2001), suggest that employers should make reasonable 
adjustments that best suit their resources and circumstances, rather than the needs of 
the dyslexic individual. 
Dyslexic individuals 
Dyslexic individuals require a clear definition in order to help understand the nature of 
their difficulties, and to explain them to others. Many children can become socially 
isolated at school if they feel that their peers consider them to be stupid, and these 
children not only like to demonstrate that they are good at some things, but also to tell 
other children that there is a reason why they have difficulties learning literacy skills. 
The Adult Dyslexia Organisation noted that the definition provided in BPS Working 
Party report (BPS, 1999) failed to provide an adequate definition that discriminated 
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between dyslexic individuals and those with global deficits. This, they felt, was 
important not only for the self-esteem of the dyslexic adult, but also to ensure that 
those assessed as dyslexic were offered appropriate provision (ADO, 2001). 
It is not surprising that with such a diversity of influential individuals our awareness 
and understanding of dyslexia has been so fragmented. 
Ellis (1986, plll) invoked a medical analogy when discussing dyslexia: 
First, reading backwardness seems to be a graded thing more like obesity than 
measles. We cannot in any simple way divide the population into those who are 
dyslexic and those who are not, so it would seem unlikely that there will exist any 
symptom or sign that will quantitatively distinguish dyslexicsftom non-dyslexics. 
Indeed no evidence has been found of a "step" in literacy skills acquisition, where 
either you have the ability, or you do not. Indeed there is increasing evidence of the 
multiplicity of possible areas of difficulty, and that both abilities and knowledge exist 
on a continuum. One example of this is the notion of phonological familiarity. 
According to one view (Goswanii, in press) progression of phonological unit 
acquisition appears to be from whole word, through syllable, rime and finally 
phoneme. However Hunter-Carsch and Rappaport (1999) suggest that there is a 
progressive acquisition of phonological units, and that, for example, all rime units are 
different and should not be treated as a single variable, and any tests of rhyming will 
depend on the specific rime units used. 
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1.3 Types of definition 
There are a multitude of definitions of reading and writing difficulties, dyslexia and 
specific learning difficulties, each of which adopts its own approach for various 
reasons including contextual demands and theoretical considerations. In an attempt to 
place this research within both a theoretical and practical framework, a brief review of 
some of the issues is given below. 
According to some (eg Pollock and Waller, 1994) the term dyslexia comes from the 
prefix 'dys' and the subnoun 'lexia' and it has been coined from the Greek language. 
Literally 'dyslexia' means difficulty (dys) with words (lexis), thus implying concepts 
beyond reading. According to Critchley & Critchley (1978) 'lexis' may be translated as 
'words' or 'the use of words', while the New Oxford Dictionary states the term 
dyslexia comes from "New Latin from dys + -lexia, from legein to speak. " However, 
the word 'lexicon' is defined as "New Latin, from Greek lexikon n. use of lexikos 
relating to words, from Greek lexis word, from legein to speak. " This appears to 
concur with the Collins Greek dictionary which has 'lexil for words - talk, speak. 
If a Greek wished to specify the simple act of reading he used the term 
'anagnosasthenia'(Critchley & Critchley, 1978). Therefore, dyslexia is not exclusively 
a 'difficulty in reading', but implies all the epiphenomena that lie behind the accepted 
concept of dyslexia. 
There are many types of definition used in the field of dyslexia and specific learning 
difficulties. Tonnessen (1995) noted three principal types of definition: symptom, 
causal and prognosis. To this should be added criteria-led and discrepancy definitions. 
The symptom definition, used in the majority of cases, identifies characteristics that 
are used as defining properties. The causal definition suggests an understanding of the 
underlying issues. Whilst these may be in dispute, Popper's (1959) view of scientific 
research would suggest that the causal definition is acceptable if it is seen as a working 
hypothesis, which is open to scrutiny and to possible disproof. In order to be a 
prognosis definition, dyslexia would need to be defined, at least in part, on the basis of 
successful treatment. Tonnessen (1995) suggests that persistence could be included in 
both a symptom or a prognosis definition. This third approach is little used. 
According to Tonnessen (1995), observable and measurable characteristics are used to 
define dyslexia in the symptom principle. However the situation is hindered rather than 
helped when the list of characteristics is poorly defined, and difficult to measure. As 
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already suggested in this chapter, no single characteristic has been found to be 
common to all dyslexics. 
After appropriate consultation, the Health Council of the Netherlands produced a series 
of criteria that they would use to determine the acceptability of a definition of dyslexia 
(Gersons-Wolfensberger and Ruijssenaars, 1997). The criteria used were: 
a) it should be descriptive with no explanatory elements 
b) specific enough to identify dyslexia within the whole of reading and spelling 
problems 
c) general enough to allow for various scientific explanatory models and any 
developments those models might undergo 
d) operationalizable for the purposes of research into people and groups 
e) directive for statements concerning the need for intervention 
f) applicable to the various groups involved. 
With these criteria in mind, the committee produced the following "working 
definitioný': 
Dyslexia is present when the automatization of word identification (reading) 
andlor spelling does not develop or does so very incompletely or with great 
difficulty. 
In their explanation, the Health Council suggested that the use of the term 
'automatisation' refers to the improvement of reading and spelling related cognitive 
processes to the point where they become automated. This definition is free from any 
constraints of the language or script involved, acknowledging that as some children 
may do very well at these skills, so others will do poorly. Thus, in principle, it could be 
adopted for other countries and cultures. 
The Council acknowledges that the elimination of exclusionary factors has widened 
the catchnient area, and therefore increased the numbers which may be defined as 
dyslexic. However, having freed itself from causal elements, it is difficult to see how it 
could be used to differentiate the dyslexic individual from those with global learning 
difficulties, and therefore has failed in their second criterion. 
This definition became the basis for that proposed by the British Psychological Society 
(BPS, 1999), with the exception of replacing the word 'automatization' due to the 
potential of confounding the terminology with that used by Nicolson and Fawcett 
(1996) in relation to their 'automatisation' hypothesis. 
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Dyslexia is evident when accurate andfluent word reading andlor spelling 
develops very incompletely or with great difficulty 
In its review of the BPS "working definition" a concern of the British Dyslexia 
Association (1999) was the lack of clarity of terminology and a failure of the definition 
to provide any form of guideline in either assessment or intervention. Their particular 
concerns were whether accuracy was meant to refer exclusively to decoding errors or 
whether it may also include hesitancy, reading several times to gain sense or so slowly 
that content and meaning are forgotten. Additionally, the BDA questioned how 
incompletely is "very incompletely", and how difficult is "great difficulty". 
A further difficulty with this approach to definitions is that it will mask the abilities of 
the gifted dyslexic. By using a definition that explicitly removes any causal 
relationship, a question arises over the ability to diagnose a dyslexic who has 
overcome their immediate dyslexia difficulties by the use of alternative strategies that 
have been explicitly taught (eg an intensive phonics programme), or through internal 
alternative strategies (such as invoking other 'intellectual' domains). This leads to the 
difficulty of diagnosis, where the child is working at the reading and spelling level of 
the peer group, and therefore may be seen to achieve age appropriate autornatisation, 
but would be doing even better if the teaching methods were more closely matched to 
their specific cognitive profile. 
Another approach is that used by the BDA definition (Peer, 2001): 
Dyslexia is best described as a combination of abilities and difficulties which 
affect the learning process in one or more of reading, spelling, writing and 
sometimes numeracyllanguage. Accompanying weaknesses may be identified in 
areas of speed ofprocessing, short-term memory, sequencing, auditory andlor 
visual perception, spoken language and motor skills. 
Whilst they argue this uses more accessible language demanded by parents and 
teachers, it does fail to differentiate between the difficulties at the behavioural level 
and the underlying cognitive processing deficits. Using the term "accompanying" 
avoids the issue of stating whether the weaknesses are causes of the reading and 
writing difficulties. Although these difficulties may be noted outside the literacy skills 
acquisition area, reference to them here clouds the issue as to exactly what is the 
definition of dyslexia. 
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The Dyslexic Adult Checklist (Smythe and Everatt, 2001) used regression analysis to 
identify the most common symptoms to be found amongst adult dyslexics who had 
been previously identified. This "symptom" based screening tool includes literacy 
indices and indications of underlying cognitive deficits (eg auditory short term 
memory). This approach could be used to formulate a symptom based definition 
derived from these ability and difficulty indices. However, as Goedkoop (2001) noted, 
there is a danger of relying on underlying, but not necessarily core (literacy based), 
symptoms for diagnosis. For example, she cited over twenty items frequently used to 
diagnose dyslexia, but which are also quoted as symptoms of dyspraxia. Goedkoop 
highlit the prevalence of comorbidity, but notes the need to interpret results 
appropriately, with greater weight being given to literacy related symptoms for 
dyslexia diagnosis. 
In the absence of a clear idea of what constitutes dyslexia, it is not surprising that there 
is not a clear list of core symptoms that ensures construction of appropriate screening 
measures. 
Tonnessen also raises the question of whether a child may be referred to as dyslexic if 
they have not yet started reading. The answer to that must be in the formulation of the 
definition, symptom based or otherwise. Thus if the Health Council of the Netherlands 
(Gersons-Wolfensberger and Ruijssenaars, 1997) or British Psychological Society 
(BPS, 1999) definitions are used, and reading and writing difficulties cannot be 
demonstrated, then a child cannot be called dyslexic. However, if they show signs that 
research suggests are significant correlates of the later development of dyslexia, it is 
reasonable to say that the child is "at risk of dyslexia". That is, if the child is taught 
following the usual curriculum and methods, there is a (measurable) probability that 
the child will have reading and writing difficulties. However, caution must be 
exercised since the "symptoms" will change over time. 
Criteria-led definition are sometimes used, particularly for resource allocation. An 
example of a criteria led symptom definition is ICD-10 "Diagnostic Criteria for the 
Diagnosis of Specific Reading Disorder" (Diagnostic Criteria for Research) (WHO, 
1993). 
"A score on reading accuracy andlor comprehension that is at least 2 standard 
errors oftrediction below the level expected on the basis of the child ý 
chronological age and general intelligence, with both reading skills and IQ 
assessed in an individually administered test standardizedfor the child ý culture 
and educational system. 
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The criterion in this case is 2 standard effors, and is offered to provide a cut-off point 
for identification purposes, and as such will create an artificial statistic on the 
occurrence of dyslexia. 
As Snowling (2000) points out, statistically 2.28% of any given population will be two 
standard deviations or more below the mean in a normal distribution, and results from 
dyslexia related studies that use discrepancy criteria seem to reflect this figure derived 
from statistical theory. Thus Yule et al (1974) calculated that 3.1% of 10 year olds on 
the Isle of Wight had a "specific reading retardation", assessed by using a discrepancy 
between IQ and reading accuracy as their criterion, compared to 63% in London. If 
reading comprehension is used, these figures rise to 3.6% and 93%. Rodgers (1983) 
reported a figure of 2.29% using a reading test purported to be an improvement over 
those used by Yale et al. 
The study by Shaywitz et al (1992) reported figures of 5.6% in the first grade, 7% in 
the third grade and 5.4% in the fifth grade using a criterion of 1.5 standard deviations 
from the norm. In discussing the arbitrary nature of dyslexia, Shaywitz et al (1992, 
p150) noted that "Our findings indicate that dyslexia is not an all-or-nothing 
phenomenon, but like hypertension and obesity, occurs in varying degrees of severity. 
Although limitations on resources may necessitate the imposition of cut-off points for 
the provision of services, physicians must recognise that such cut-offs may have no 
biological validity. " 
The Health Council of the Netherlands (Gersons-Wolfensberger and Ruijssenaars, 
1997) suggested that the prevalence of specific reading deficits depends upon 
educational support provided. This perspective suggests that dyslexia is not simply 
innate but also environmentally dependent. In their report they noted that "a few 
projects in the (Dutch) educational system indicate a figure in the region of 1% to 3% 
of children who should be referred. " That is "approximately 6,000 out of 200,000 new 
students per year who would qualify for the specialist diagnosis and possible 
treatment. " 
The research of Vellutino et al (1996) assessed 1,407 children, and reported that around 
9% showed signs of specific reading difficulties. Six months of an intervention 
programme reduced that to 1.5%. The criteria used to identify specific reading 
difficulties were that the child fell below the 15th centile in word identification or 
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word attack, with an IQ of at least 90. If the children who failed to respond to this 
intervention were then classified as dyslexic, this could be regarded as a prognosis 
definition. 
Although any method of identification will use some form of discrepancy model, since 
they are all looking for a difference (discrepancy) between the individual and other 
members of the particular population, most discussions of discrepancy models for 
reading and writing difficulties centre around the discrepancy between reading and 
intelligence (IQ). Alternative methods do exist, such as between listening and reading 
comprehension (Aaron, 1989), and non-word reading and spelling (Snowling, 2000). 
Tonnessen (1995) concluded that a discrepancy can be informative as it suggests a 
specific difficulty, but that a lack of a discrepancy does not preclude the possibility of 
a difficulty. Tonnessen concluded that the discrepancy model makes sense if there is a 
strong correlation between the IQ and reading. He also concludes that "If such a 
definition is to have any value, it would also be necessary to determine exactly the 
meaning of 'intelligence'. (For a more thorough description of intelligence, see chapter 
2. ) Therefore, it may be noted that the difficulties lie in using methodologies that sum 
processing abilities, such as the composite IQ measures, or reading score (eg word 
identification plus comprehension). As Stanovich (1989) noted, if IQ and reading "are 
related, then why do we assume that reading must be significantly lower than IQ for a 
child to be called reading disabled. This is one of the most illogical aspects of the 
discrepancy definition. " 
The discrepancy approach used by Aaron (1989) was between listening comprehension 
and phonological skills. He suggested that since the difference between listening and 
reading comprehension may be largely due to word identification, a discrepancy here 
should identify dyslexia. However, many dyslexics also have auditory short-term 
memory deficits (eg Siegel and Linder, 1984) which would produce difficulties in any 
comprehension task, thereby reducing the discrepancy. 
One of the types of definition highlit by Tonnessen (1995) was causal definition. An 
example of this is The Intemational Dyslexia Association (IDA, quoted in Masland, 
1997) definition, which states that dyslexia is 
"... characterized by difficulties in single word decoding, usually reflecting 
insufficient phonological processing abilities. " 
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However, it may also be suggested that exclusionary principle should be considered an 
example of a causal definition. An example of this is to be found in Critchley and 
Critchley (1978) which says that dyslexia 
is not due to intellectual inadequacy, or to lack of socio-cultural opportunity, or 
to emotional factors, or to any known structural brain defect. 
Another example is Beech (1994, p39), which takes this further by stating that dyslexia 
means: 
"that a child or adult in this condition is considerably below normal reading age, 
is normal in intelligence, has no visual or auditory defects, is emotionally stable 
and has a normal educational opportunity. " 
Since there is no cited reference, one has to assume it is his own definition. However, 
as with Critchley and Critchley, it begs the question of what constitutes a defect: eg 
does a poor auditory short term memory or otitis media, both of which have been 
implicated in the cause of dyslexia, constitute an "auditory defect"? 
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1.4 Nomenclature and cross-linguistic studies 
From the discussions so far it has become evident that the term dyslexia, whilst it may 
be a term of common usage in certain circumstances (eg with parents and children) 
has limited use in research. This is further compounded when one reviews the cross- 
linguistic context. 
Although in the UK the term dyslexia may be used for reading and writing difficulties 
(see for example BPS, 1999 and BDA, 2001) this same term may have different 
meanings in other countries. Indeed, there are many instances where reading and 
writing difficulties are discussed under a series of terms which are related to the more 
specific learning difficulties. In Russia, for example, the term dyslexia refers to reading 
difficulties only, whilst dysgraphia is used for writing difficulties, including spelling 
and handwriting skills (Inshakova and Boldyreva, 1997). However, dysgraphia in Italy 
is used for motor skill deficits, whilst dysorthogmphia is used for spelling difficulties 
(Biancardi and Milano, 1999). In Poland the term dysautographia is used to describe 
the difficulty in the acquisition of the automated kinaesmotor skills derived from 
practice that allows handwriting to develop in a consistent and legible fashion 
(Bogdanowitz, 1999). 
Thus an over-reliance on terminology which is not consistent across languages would 
lead to analyses of dubious quality since there will be uncertaintly as to how the 
diagnosis and the subsequent cohort has been derived. Therefore in this research, the 
preferred terminology used is cognitive profiling and attainment measures. This 
research aims to report the diverse underlying causes and correlates of literacy 
difficulties across different language contexts rather than reflect on a single term which 
may vary across those contexts, and which is liable to be interpreted with inappropriate 
cut-off criteria. 
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Chapter 2 
Models of cognitive functioning and 
specific learning difficulties 
Piglet scratched his ear in a nice 
sort of way, and said that he had 
nothing to do until Friday, and would 
be delighted to come, in case it really 
was a Woozle. 
'You mean, in case it really is two 
Woozles, 'said Winnie-the-Pooh, and 
Piglet said that anyhow he had 
nothing to do until Friday. 
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Overview - 2. Frameworks for the assessment of cognitive difficulties 
The purpose of this chapter is to provide a brief introduction to the research framework 
used, thereby setting the work within the context of previous models of cognitive 
functioning. 
There are many different approaches to investigating the underlying causes of reading 
and writing difficulties. This chapter starts by contextualising the hypotheses within 
the Morton-Frith framework, which provides a robust model into which various 
cognitive functioning and disabilities, eg autism and dyslexia, may be modelled. This 
framework is considered to be better than others since it provides a basis on which to 
map the interdependence between biological functioning, cognitive processing and 
behavioural outcomes as well as environmental influences (Morton and Frith, 1995). 
Other approaches to cognitive deficits in respect to literacy skills are also discussed, 
with particular reference to sub-types, intelligence, and the dual route model of 
reading. 
This will provide the platfonn for the design of the testing framework. 
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2.1 Frameworks for the analysis of reading and writing difficulties 
Dyslexia may be regarded as a reading and writing deficit, but there is little agreement 
as to the underlying cause. The causes may be seen as falling into one of two 
categories: a) those which have implications on the teaching process, and b) those that 
do not. Although simplistic in nature, this categorisation is an attempt to differentiate 
those "causes" that should be taken into account for the purposes of the teaching 
process, such as short term memory capability, or phonological segmentation skills, as 
opposed to those which do not appear to have direct implications, such as brain 
symmetry. This does not mean that in the future our improved understanding of such 
biological theories will not lead to improved teaching. However, the impact of 
improved biological understanding of dyslexia does not currently feature in the 
production of educational plans. 
The model used in this thesis (Smythe and Everatt, 2000) presents a framework for the 
investigation of the deficits that may lead to reading and writing difficulties in different 
languages. In order to eliminate the dangers of different definitions (see chapter 1), 
caused by differing perspectives, assessment procedure and cut-off criteria, the term 
dyslexia was not used for this model. Instead, the research is designed to understand 
the underlying relationship between cognitive (dys)functioning and reading and 
spelling difficulties. These relationships are compared within language and between 
languages. 
The research focuses on children with specific deficits in literacy. However, the 
specificity of that deficit could only be determined if all other areas of cognitive 
function, as well as environmental influences (eg teaching methodology), were 
measured, a capability beyond the scope of this research. In order to provide some 
indication that there was not a global deficit causing reading and writing difficulties, a 
measure of eductive reasoning, Ravens Matrices (Raven, 1976), was included. This has 
been regarded by some (eg Eysenck, 1982) as a measure of fluid intelligence or innate 
reasoning ability (Carpenter et al, 1993). For present purposes it simply provides a 
method of equating those with and those without literacy deficits, to ensure differences 
between groups are not a reflection of global deficits 
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The Morton-Frith Model 
The Morton-Frith model (Morton and Frith, 1995) was proposed as a framework with 
which to model the various aspects of developmental disorders. Although originally 
developed for their work in the field of autism, the model also works well within the 
dyslexia field, providing an effect framework for comparing different causal 
hypotheses. 
The basic framework contains four underlying units: 
Biological 
Cognitive 
Behavioural. 
Environmental 
The biological level contains factors such as genetic predispositions and structural 
differences in the brain. The cognitive level reflects the information processing 
function, whilst behavioural refers to the measurable outcomes of the cognitive 
functioning. Environmental influences may include teaching, motivation, language and 
cultural aspects. 
Each of these components will influence literacy skills acquisition. Although biological 
differences may be measured through various invasive (eg dissection) and non- 
invasive (eg RARI) analytic methods, their influence on behaviour is indicated through 
cognitive functioning. Testing involves taking measurements at the behavioural level. 
Any test at the behavioural level (eg word reading) may be considered a function of 
the sum of several cognitive modules each with its own functioning efficiency. Since 
each behaviour (test) requires a unique combination of cognitive processes, by using 
several behaviours to investigate any one cognitive function, it should be possible to 
ascertain where strengths and weaknesses lie. 
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2.2 Hypotheses of specific learning difficulties 
The aim of this section is to highlight some of the research that has been carried out in 
order to determine the underlying causes of reading and writing difficulties. Much of 
this research refers specifically to dyslexia. Although the discussion in Chapter 1 
questions the use of such categorisation, this chapter will refer to the terminology as 
used by the researcher in question. 
Biological bases 
Any scientific evidence of brain differences between dyslexics and non-dyslexics is 
represented at the biological level of the Frith-Morton framework. This level is 
influenced by two factors: 
genetic predisposition and 
environmental (physical, biological and chemical) changes 
Genetic factors are those inherited through parental genes. They have been discussed 
widely in the literature and a brief review follows. Environmental factors including for 
example drug use, may adversely affect the child's learning ability. (Fleming, 2002) 
Galaburda and Uvingstone (1993) noted in a study designed to look at brain 
differences between dyslexic individuals and controls that the right hemisphere of the 
dyslexic brain was larger than normal, creating a symmetry in the area of the planurn 
temporale not apparent in the non-dyslexic. Hynd noted cortical anomalies (Hynd et al, 
1991) in the dyslexic individual which suggested that the neural wiring of the dyslexic 
brain was different from the non-dyslexic. These differences give the dyslexic brain the 
appearance of being less ordered (Hynd and Hiemenz, 1997). Furthermore, some 
neurological studies (eg Hagman et al, 1992; Galaburda et al, 1994; Heim et al, 2000; 
Heiervang et al, 2000) and brain scans (Simos et al 2000; Brown et at, 2001) have 
demonstrated structural differences linked to cognitive functioning, such as specific 
auditory processing deficits. 
Over the past two decades a number of twin studies and family cluster studies 
involving dyslexic individuals, and those considered to be "at risk" of dyslexia, have 
highlit the heritability of dyslexia. In particular the work of DeFreis and Pennington 
(DeFreis, 1997; Pennington, 1990,1994) has led to a wider understanding of the genetic 
components of dyslexia. These studies suggest that the probability of a boy being 
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dyslexic if the father is dyslexic is around 40%, whereas it is only about 20% for girls 
in the same situation. However, this will vary depending on the criteria used for the 
selection procedure. These probabilities are approximately doubled if both parents are 
dyslexic (Olson, 2002 personal communication). 
Whilst a number of studies still seek a link between reading disability and specific 
chromosomes (eg Morris et at, 2000) much of the genetics research looking at specific 
chromosome linkages is now concentrating on the genetic links with various reading 
related cognitive processes. Genetic heterogeneity was suggested by Fagerheim et at 
(summarised in Fagerheim et at, 1999) who confirmed dyslexia linkages with both 
specific components of chromosomes 2 and 6. Using more specific cognitive tasks, 
Grigorenko et at (2001) found strong evidence for links between specific points on 
these chromosomes to the reading impairments associated with rapid naming and 
phonological decoding. However, Petryshen et at (2001) found an absence of links 
between these measures and the chromosome 6 previously identified as important, 
though in their discussion, they suggest the sample may have been non-representative 
of a dyslexic population. Further research will, no doubt, build upon these early 
findings, and highlight the relationship between chromosome anomalies and specific 
cognitive processes that underlie literary skills, thus rejecting the notion of a single 
reading/dyslexia gene. 
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Cognitive differences between individual with specific learning difficulties 
The cognitive skills of an individual may be represented by modules that can only be 
assessed indirectly. It is at this level that most models of dyslexia differ, with different 
cognitive modules being invoked in different hypotheses. In the Morton-Frith model, 
affective factors are included at this level. According to Frith (1997), environmental 
factors influence whether and how the cognitive or affective difficulties will result in 
deficits at the behaviour (i. e. reading and spelling) level. One such environmental 
influence is the nature of the script. 
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Phonological hypotheses 
Figure 2.1 below offers a diagrammatic representation of the relationship between 
phonological processing difficulties and behavioural outcomes within the Morton-Frith 
model. The term phonological processing may be seen as the ability to process the 
sounds of spoken language, and there is considerable evidence in many languages that 
a phonological deficit may play an important role in dyslexia (Snowling, 2000; Frith, 
1997). In her analysis of the phonological deficit hypothesis, Frith (1999) notes that 
many studies have implicated phonological system deficits that are noticeable in 
spoken language. Some of the skills, such as an understanding of phoneme-grapheme 
correspondence, will be influenced by exposure to reading, whereas other skills related 
to the phonological deficit hypothesis, such as short term memory and rapid naming, 
may be less influenced by reading ability (BPS, 1999). 
Whilst Frith (1999) notes that tasks used to test this hypothesis may include sound 
discrimination (Adlard and Hazsan, 1998), word repetition (Snowling, van 
Wagtendonk and Stafford, 1988, Miles, 1993), picture naming (Swan and Goswami, 
1997) and verbal short-term memory which depends on subvocal rehearsal (Nelson 
Figure 2.1: The relationship between principle components in a phonological 
dericit hypothesis 
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and Warrington, 1980), it may be more appropriate to consider those aspects within the 
following sections. - 
Goswami (in press) notes that there is a progression in the development of a 
phonological lexicon, whereby the child attempts to distinguish between items by 
continually refining the segmental units of the word. The small vocabulary size of the 
young child means that a minimal number of units is required to differentiate between 
items. As word capacity increases, so the representational elements necessary to 
distinguish the sounds become smaller (Metsala and Walley, 1998). Goswami (in 
press) argues that there is a progression from whole words to syllable units, onset and 
rime, and finally phonemes. However, the ability to preform in a rhyme task will be 
dependent upon the rime units used since, according to Hunter-Carsch and Rappaport 
(1999), children do not just learn a skill, but acquire rhyming units in their 
orthographic lexicon, and therefore the ability to do a rhyming task will depend on the 
rhyming units already existing in their orthographic (and phonological) lexicon. It is 
this ability to segment the word into smaller representational units that appears to be 
one of the central issues in dyslexia in English. The research reported in this thesis 
asks, among other questions, if this is also the case in other languages, and therefore if 
phonological segmentation skills are a key to dyslexia in all languages. 
For most children, this segmentation and representation ability will be implicit within 
the brain, whereby patterns and regularity will be noted, and used to decode less 
familiar and unfamiliar words. The way this proceeds in the phonological and the 
orthographic lexicon will be dependent upon the degree of similarity and 
differentiation between items at the phonological, orthographic level and semantic 
level (Metsala and Walley, 1998: Brown et al, 1994). These factors will be influenced 
by the language/script. 
Without the basic phonological units, and their relationship to the orthographic units, it 
would be difficult for the child to deduce the pronunciation of words that are not 
familiar to them. The most efficient way to assess this skill is to use non-words, a 
combination of orthographic units (letter and letter strings representing syllables, rime, 
onset and phonemes) that are allowable in the language, and can be pronounced with 
ease. The most likely method of analysis when reading non-words will be to segment 
the word into chunks, such as rime and syllable, and look for an analogy with another, 
previously learned, word which may provide clues to the phonological representation 
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of that letter string. A simple probabilistic approach would provide the most likely 
phonological representation when reading, and the most likely orthographic 
representation when spelling. Thus, for example, the child is more likely to read the 
non-word 'sint' as rhyming with 'mint' rather than with 'pint', since words more 
frequently occur with the rime unit that is found in the former than the latter. This 
process appears to hold for all alphabetic scripts (Perfetti, 1986; Seidenberg and 
McClelland, 1989; Liberman, Liberman, Mattingly and Shankweiler, 1980; Morton 
and Sasanuma, 1984; Stevenson, Lee and Stigler, 1986). Evidence of the importance of 
phonological skills also exists in non-alphabetic (eg Chinese or Japanese) scripts, 
where there is not the phoneme-grapheme correspondence. (Liberman, Liberman, 
Mattingly and Shankweiler, 1980; Stevenson, Lee and Stigler, 1986). However, whilst 
there seems little doubt about the correlation between phonological and reading skills, 
the causal relationship is not confirmed. 
Phonological skills have been shown to be progressively acquired (Goswami, in press) 
with English-speaking children at least mastering onset and rime (Treiman and 
Zukowski, 1991), as well as having the ability to identify non-rhyming words (Bryant 
et al, 1990). Phoneme awareness comes normally between the ages of 6 and 7 
(Treiman and Baron, 1983) in an English system where the school starting age is 5 
years old. Treiman and Cassar (1997) noted the difficulties when whole onsets were 
not shared (eg bran and blue, as opposed to glass and glove). Furthermore, in English 
children have greater difficulty than Chinese children (Read et al, 1986; Hanley et al, 
1999) deleting a phoneme from a consonant cluster than from a consonant-vowel start 
to a word. This suggests that the ability to do these tasks will not only be dependent 
upon cognitive processing, but also language environment. 
The relationship between 'phonological awareness', such as recognising rhyme and 
alliteration, syllable counting, letter deletion and blending (Caravolas, 1993), and 
literacy skills appears to be well documented in English (Bradley and Bryant, 1983; 
Bryant et al, 1990; Perfetti et al, 1987; Wagner and Torgeson, 1987; Liberman et al, 
1980). Similar relationships have been identified in other alphabetic scripts, such as 
Dutch (Lundberg, Frost and Peterson, 1988), Swedish (Torneus, 1984), French 
(Alegria, Pignot and Morais, 1982) and Hebrew (Bentin, Hammer and Cahan, 1991). 
Although there are not so many exhaustive studies in non-alphabetic scripts such as 
Chinese, there is evidence that phonological manipulation skills are related to the 
acquisition of literacy skills, even though the units of alliteration and rhyme do not 
form part of the orthographic unit in Chinese. Read et al (1986) found Japanese 
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children, who do not have sound represented by graphernes at the phoneme level, fared 
worse than American children on phoneme deletion. The difficulties of the Japanese 
children with phoneme deletion decrease by 10 years old, possibly due to explicit 
phoneme instruction (Mann, 1986). Furthermore, Ho and Bryant (1997) found rhyming 
skills in young Chinese children predicted the later literacy skills. 
It has been shown that the development of phonemic awareness comes with increased 
linguistic experience and formal reading instruction (Bryant et a], 1990; Morais et al, 
1987). There are two explanations for this; 1) that alphabetic literacy leads to phoneme 
awareness, phoneme awareness is thus a consequence of reading (Morais et al, 1987; 
Read, Zhang, Nie and Ding, 1986) or 2) that phonemic awareness develops during 
childhood and leads to reading, ie phoneme awareness is a pre-requisite of reading 
(Bryant et al, 1990; Goswami, 1986). However, the view now appears to be that it is a 
two way process with learning to read assisting phoneme awareness, and phoneme 
awareness affecting reading. These views have led some (Perfetti et al, 1987; Wagner, 
1988) to suggest that there is a bidirectional relationship. Perfetti et al (1987) 
suggested that prior to reading instruction, measures of the child's ability to synthesise, 
that is to build new words, would be best. However, analysis (eg phoneme deletion and 
phoneme tapping) became stronger predictors during the first year of reading 
acquisition. In turn, rime ability may be influenced by language considerations. For 
example, Caravolas (1993) suggested that the shortage of possible combinations of 
phonemes to construct syllables in any language leads to greater reliance on rhyming, 
and she suggested this is the explanation why Czech children have less knowledge of 
rime than English children. That is, the more possible phoneme combinations that 
exist, the less reliance there will be on the rime unit. 
The link between the ability to segment and assemble the phonological components of 
words is well established in many languages. However, the causal relationship has not, 
unequivocally, been established, though training in the specific cognitive deficits has 
been shown to improve literacy skills (Fletcher et al, 1997). It may therefore be 
reasonable to assume that phonological fragmentation and assembly skills play a role 
in literacy skills acquisition, and should be included in any analysis to understand the 
deficits that underlie literacy acquisition. 
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Visual processing hypotheses 
There are a number of hypotheses that relate dyslexia with the visual system. In her 
review for the British Psychological Society (BPS, 1999) Reason reiterated the view of 
Vellutino (1979) that vision, at least in terms of visual sequential memory and visual 
matching, is not the most important factor in dyslexia. However, both viewpoints were 
anglocentric since they were only concerned with dyslexia in the English language, 
and did not consider the possibility of deficits in non-alphabetic (eg logographic) 
scripts. Furthermore, not only do researchers disagree as to the nature and proliferance 
of the difficulties (see Everatt, 1999) but also there are doubts as to the underlying 
components which may be at fault. One such area of debate is the role of the 
magnocellular and parvocellular systems, and how inefficiencies in these hypothesised 
visual pathways may lead to the difflculties experienced by the dyslexic (Stein, 2001). 
The magnocellular system includes large cells that are sensitive to movement and rapid 
change, whilst the parvocellular system is more sensitive to colour and fine details. 
See, for example, Livingstone and Hubel (1988) and Shapley (1990) for reviews. 
Current theories (eg Stein, 1991) suggest that the magnocellular system of dyslexics 
has reduced sensitivity. 
One version of this theory argues that the magnocellular system ensures the activity of 
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the parvocellular system is prevented from continuing from one fixation to another 
(Stein, 2001). According to this perspective, such inhibition in reduced in dyslexic 
individuals. However, other evidence (Volkman et al, 1978; Burr et al, 1982) suggested 
that it is the magnocellular, not the parvocellular system that is suppressed during 
saccades. This has been substantiated more recently by Burr et al (1994). They 
postulated that if the parvocellular system was suppressed, they would expect to see 
reduced sensitivity to isolumant (constant luminance level) colour stimuli during 
saccadic movement. However, they noted reduced sensitivity to low spatial frequency 
luminance stimuli suggesting that it is the magnocellular system that is suppressed. 
This work has since been repeated by others (eg Anand and Bridgeman, 1995; 
Uchikawa and Sato, 1995). Skottun and Parke (1999) have questioned the 
magnocellular hypothesis and suggested that the conflicting data (the hypothesis is 
confirmed by Livingstone et al (1991), but repudiated by Gross-Glenn et al, 1995; 
Walther-MUller, 1995 for example) may, in part, be due to the lack of the use of 
consistent diagnostic criteria, and that such visual deficits may be more applicable to 
one subgroup of dyslexics (Borsting et al, 1996). 
It has been noted that skilled readers fixate less on function words (eg of, the, to) than 
content words as their ability allows them to utilise information at the edge of their 
visual field, while fixating on other words (Carpenter and Just, 1983; Rayner and 
Duffy, 1988; Radach and Kempe, 1993). These skilled readers need fewer refixations 
and fewer short regressions as they tend to process more in the first fixation (Frazier 
and Rayner, 1982; Kennedy, 1983; Kennedy and Murray, 1987a, 1987b; Murray and 
Kennedy, 1988), and they develop a broader perceptual span allowing greater 
information uptake in a single fixation (Ikeda and Saida, 1978; McConkie and Rayner, 
1975; McConkie and Zola, 1987; Rayner, 1986) all of which suggests that visual 
attention and eye movement may be a factor in some children with literacy difficulties. 
The various visual deficits found in dyslexic individuals may explain, in part, why 
some dyslexic children fail to respond to a phonologically based remediation 
programme, and why visual elements should not be ignored in an investigation into 
cognitive deficits in children with specific learning difficulties. This may be 
particularly vital when considering non-English orthographies. 
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Auditory processing hypotheses 
The term auditory system may be considered here to represent those components that 
are concerned with the ability to store, transfer and compare auditory stimulation, 
without the need to construct into larger units or deconstruct into smaller units, 
referred to elsewhere (see phonological segmentation and assembly skills) within 
literacy acquisition. 
Various studies (eg Gathercole and Baddeley, 1993; Wimmer et al, 1998) have 
suggested that children who experience difficulties with retaining sounds in short term 
memory are likely to have problems with the acquisition of verbal vocabulary and 
development of stable graphic-sound associations. Catts (1989) showed that dyslexics 
have greater difficulty than non-dyslexics in the areas of short term recall of letters, 
words, digits and sentences. Tapping a rhythm by hand was found to be a persistent 
problem for dyslexic children (Wolff, Michel and Ovrut, 1990), and has been used in a 
battery of tests as an "at risk" indicator in a Russian dyslexia screening test (Kornev, 
1996). 
According to Stanovich et al (1997), the dyslexic individual, reading-age matched with 
younger children, will make less efficient use of the memory store due to their 
inefficient use of phonological codes. In the Baddeley and Hitch (1974) tripartite 
model of working memory, it is suggested that the phonological and visual components 
are linked by a common central executive. This phonological loop has been found to 
be important in reading and listening comprehension as well as in language acquisition 
(Daneman, 1991; Daneman and Carpenter, 1980; Gathercole, Willis, Ernslie and 
Baddeley, 1992). Wagner and Torgeson (1987) suggested that the major memory 
problem for poor readers is a specific, as opposed to general, auditory deficit that 
inhibits coding items phonetically, and its importance in determining early reading 
success in young children has been clearly demonstrated. (Catts, 1991; Felton, 1992; 
Lindamood, Bell and Undamood, 1992). However, it has also been suggested (Hulme 
and Roodenrys, 1995) that the causal relationship between short term memory deficits 
and reading problems has not been demonstrated. However, the role of auditory short 
term memory will depend upon the nature of the task, and short term memory deficits 
reported in those with literacy difficulties (eg Rack, 1994) suggest that these 
difficulties may be implicated in the overall literacy learning process, though not 
necessarily in A literacy tasks, such as a specific single word reading task. 
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Baddeley et al (1975) and Baddeley (1986) demonstrated a correlation between 
reading speed and memory span, and that a subject's span could be predicted based on 
the number of words that could be read in approximately 2 seconds in English. A 
cross-linguistic study by Ellis and Hennelly (1980) demonstrated that digit span in 
Welsh is less than that in English (5.77 against 6.55). Comparisons of college students 
found that Cantonese speakers had an STM of 9.9, in contrast to 9.2 for Mandarin 
and 7.2 in English (Stevenson, Lee and Stigler (1986). A further study (Naveh- 
Benjamin and Ayres, 1988) measured STMs in English (7.2), Spanish (6.4), Hebrew 
(6.5) and Arabic (5.8), reflecting the number of syllables in number words and 
articulation rate. 
Another way to measure auditory short term memory is to use a non-word repetition 
task. This involves the child being asked to listen to and repeat a series of "non- 
words", that is words that are linguistically possible but which have no meaning. 
Gathercole, Willis and Baddeley (1991) suggest that this is a better measure of the 
phonological component of auditory memory as it avoids the potential to use lexical 
and semantic clues. Gathercole and Adams (1993) suggested that this procedure can be 
used with children as young as two years old to determine short term memory capacity. 
This task has also been used to demonstrate in a longitudinal study that non-word 
repetition was a good predictor of vocabulary only up to age six. Furthermore, Service 
(1992) using an English non-word repetition task with 9-11 Year old Finnish first 
language children found that it predicted English language learning for the first two 
years, correlating highly with listening comprehension (r--. 62) and reading (r--. 74), and 
found in regression that 44% of the variance could be accounted for by the non-word 
repetition task. Non-word repetition has been shown to be impaired in dyslexic 
children compared to both age-matched controls and reading-matched controls (eg 
Snowling et al 1986). 
The ability to categorise speech sounds has also been shown to be more difficult for 
the dyslexic individual than the average reader (Semiclaes et al, 2001; Sutter et al, 
2000). According to Sutter et al (2000) the dyslexics have greater difficulty 
constructing an auditory "scene", which may contribute to their learning impairments. 
Furthermore, following the work of Tallal (1984) and others, a number of researchers 
(Schulte-Korne et al, 1999; Lorenzi et al, 2000; Helenius et al, 1999) have confirmed 
the role of auditory temporal processing in speech processing, the difference of which 
may be detectable at birth (Leppanen et al, 1999). However, similar research by Heath 
et al (1999) suggested that this cannot be the unitary cause of phonological and 
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language deficits in disabled readers. The study of Cestnick and Jerger (2000) suggests 
that poor non-word readers had difficulty across tone tasks irrespective of speed of 
presentation or mode of recall, while poor irregular word readers had difficulty 
recalling tones in a sequence only when they were presented rapidly. They suggest that 
irregular word reading is associated with auditory sequencing, while non-word reading 
performance is associated with general auditory performance. Dissociation between 
verbal and non-verbal processing (ie sound based processing which is language or non- 
language based) has been demonstrated by a number of researchers (McAnally and 
Stein, 1996; Adlard and Hazan, 1998). Further evidence of modality specific perception 
difference are offered by Witton et al (1998), while Cestnick and Jerger (2000) 
suggested that phonologic and surface dyslexics perform differently on non-speech 
auditory tasks. McCrory et al (2000) showed that irrespective of word type (word or 
non-word), the dyslexic group showed deficits specific to auditory repetition, also 
implying task-specific differences. 
These auditory deficits, as opposed to phonological segmentation and assembly skill 
deficits, in those with reading and writing difficulties have been shown to be important 
factors, and therefore auditory processing should be included in any cognitive 
processing evaluation, independently of other components. 
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Rapid naming, and the doubt deficit hypothesis 
There appears to be an increasing interest in rapid naming as a possible factor in both 
the identification and remediation of the dyslexic individual (see for example Journal 
of Leaming Disabilities, 2000 Vol 33). Although there is plenty of research to suggest 
their importance in a number of languages, there is little consensus on the causes of 
these rapid naming difficulties. Possible causes of the rapid naming deficit include 
inefficient processes involved in accessing orthographic patterns (eg Wolf, 1991; Wolf, 
Bally and Morris, 1986; Yap and van der Leij, 1993), articulatory speed (Ackerman et 
al, 1990) and issues of concentration (eg Fawcett and Nicolson, 1994a). 
Despite a prominence of a core phonological deficit hypothesis for dyslexic individuals 
(Bradley and Bryant, 1983; Bryant et al, 1990; Perfetti et al, 1987; Stanovich et al, 
1984; Wagner and Torgeson, 1987; 11berman et al, 1980), as well as verbal short term 
memory (Daneman, 1991; Daneman and Carpenter, 1980; Gathercole, Willis, Emslie 
and Baddeley, 1992; Wagner and Torgeson, 1987; Catts, 1991; Felton, 1992, 
Lindamood, Bell and Lindamood, 1992) sound segmentation skills (eg Bryant and 
Bradley, 1978; Goswami and Bryant, 1990; Goswami, 2000), and visual processing (eg 
Stein, 2001; Scutton, 2000), greater attention has recently been given to the rapid 
naming task (Wolf, 2001), and a potential double deficit underlying literacy difficulties 
(eg Bowers and Wolf, 1993; Wolf, 1997; Wolf et al, 2000). 
Building on the work of H6caen (1962) on object and colour naming difficulties in 
adult patients with lesions of the left occipital lobe, Denckla (1972) identified similar 
reading and colour naming difficulties in children with developmental dyslexia. In 
subsequent work, Denckla and Rudel (1976) tested 120 controls and 126 learning 
disabled children aged 7 to II years old. A group of dyslexic children was identified 
using a criterion of a reading lag of 2 or more years behind chronological age. There 
was no significant difference between dyslexics and controls in Verbal IQ, but 
Performance IQ was higher for dyslexics. The test material - colours (red, green, black, 
blue, yellow), numbers (2,6,9,4,7), letters (high frequency letters p, o, d, a, s) and 
objects (comb, key, watch, scissors and umbrella, all from the Stanford-Binet Test, 
form L) - were presented in a random sequence with each item being repeated ten 
times. Their conclusions were that the tests not only separated dyslexics from normal 
readers, but also from non-dyslexic learning disabled children. They also noted that 
order of difficulty was comparable to the best kindergarden predictors of later reading 
failure (Jansky and deHirsch, 1973). They acknowledged that the underlying cause of 
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this difficulty was still unknown, and could include attention, speech encoding, verbal 
retrieval, and visual processing delays. 
Other researchers have found that dyslexics are also slower at naming words and non- 
words (eg Ben-Dror, Pollatske and Scarpati, 1991). Longitudinal studies have shown 
that not only are such measures predictive of later reading performance (eg Wagner, 
Torgeson and Rahotee, 1994) but that naming deficits persist into adulthood (eg Felton, 
Naylor and Wood, 1990). However, whilst Wolf (1997) clearly argues for speed of 
processing to be considered as a dissociable process, others see it subsumed under 
phonological (Wagner and Torgesen, 1997; Snowling, 2000) or visual processes (eg 
Wood, 1995). It has also been suggested (Snyder and Downey, 1997) that slower rapid 
naming may be due not only to access, but also to post-access processes, such as 
verbal motor skills, which may extend the duration of articulation. 
Further research has suggested that there are significant correlations between rapid 
naming and working memory (Ackerman, Dykman and Gardner, 1990), whilst Spring 
and Perry (1983) have suggested that rapid naming reflects the ability to use high- 
speed phonetic coding. According to Ackerman et al, slow articulation rate is the 
probable root cause of difficulties with rapid naming, whilst Torgeson, Wagner, Simons 
and Laughton (1990) implicate phonological codes in long-term memory which may 
be the cause not only of variance in naming speed, but also poor working memory, and 
articulation rate. 
Fawcett and Nicolson (1994) postulated that attention deficit may be one of the causes 
of poor performance in rapid naming tasks. Consistent with this possibility, Perfetti, 
Finger and Hogaboam (1978) did not find differences between 3rd grade skilled and 
less skilled readers using a discrete-trial format in which each named stimulus 
removed from view prior to the next being presented. Such a format should remove 
some of the effects of the attention difficulties. Stanovich, Freeman and Cunningham 
(1983) did however find a significant, though small, relationship between discrete-trial 
naming speed and reading. Further analyses using the discrete trial method have also 
shown differences (eg Bowers and Swanson, 1991; Fawcett and Nicolson, 1994), with 
dyslexics doing worse than chronological age matched children and significantly worse 
than reading-age matched children at picture naming in a discrete-trial format. These 
latter findings are more consistent with problems of lexical access being the root cause 
of poor rapid naming. 
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The value of rapid naming as a predictor of literacy scores has been clearly 
demonstrated. Scarborough (1998) noted that whilst the literacy scores in Grade 2 were 
the best predictor of future reading and spelling outcomes, for those with reading 
disabilities, prediction of literacy skills was improved by the inclusion of rapid 
naming. In a study of primary and first graders, Cronin and Carver (1998) found that 
phonological and rapid naming tasks both predicted unique variance in reading 
attainment, suggesting they should be considered as separate factors in reading 
development. In a longitudinal study using the dichotomous (normal versus poor 
reader) approach (from 3rd grade to 5th and 8th grade), Meyer, Wood, Hart and Felton 
(1998) found that there was a qualitative difference between the two groups, with rapid 
naming predictive in the poor readers but not average readers, even after IQ, 
socioeconomic status, and third-grade single-word reading were statistically controlled. 
Furthermore, Badian (1993) noted that naming speed for letters and pictured objects 
were the strongest differentiators, along with phonemic awareness and visual symbol 
processing, of adequate and poor readers. Badian found that the letter naming speed 
was the greatest predictor of word recognition, and object naming speed made the best 
predictor of reading comprehension. 
The rapid naming task has been shown to be a cognitive function independent of the 
phonological manipulation, visual and auditory systems. Furthermore, it has been 
demonstrated that this ability can aid the identification of the dyslexic individual, and 
therefore, arguably, warrants inclusion in any measure of cognitive abilities related to 
reading and writing. 
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Lexical hypotheses 
VAiilst phonological, visual and auditory cognitive processes may directly affect 
reading acquisition, the individual's ability to process information will also depend on 
both the availability of suitable references contained within the mental lexicon, and the 
ability to retrieve those references. 
Seidenberg and McClelland (1989) proposed lexicons for orthography, phonology and 
meaning. Each of these is a store of implicitly and explicitly acquired knowledge 
which may be accessed during the reading and writing process. Responses to literacy 
measures will depend upon the entries contained in those lexicons, and the ability to 
retrieve them. 
It has been shown (Gathercole et al, 1997) that lexical knowledge is important for 
learning the sounds of new words and that children who become poor readers are 
better, at least to start with, in using unbound morphemes than younger children of the 
same reading level. Similarly, evidence indicates that semantic coding deficits accrue 
in older children (Vellutino et al, 1995). However, while Treiman and Cassar (1996) 
suggested that children do not make full use of morphological relations among words 
in English, Joanisse et al (2000) suggested it was important, at least for the dyslexic 
individual. 
Work with Alzheimer's Dementia (AD) patients has revealed a number of dissociations 
in the lexical system that may be relevant, though currently untested, in the dyslexia 
field. These includes category-specific naming deficit (Crosson, 1999) and dissociation 
of preserved reading skills in a patient with severely impaired semantic memory 
(Cipolotti and Warrington, 1995). Bushell and Martin (1997ý also found a dissociation 
between word categories, specifically concrete nouns and motion verbs, while 
Grossman et al (2001) found that different verb categories activated different parts of 
the brain, suggesting that those with cortex differences specific to those regions may 
have specific category dependent impairments. Although not reported in the 
developmental literature, these results may provide clues as to word finding 
difficulties, including why some dyslexic children have problems with tasks such as 
rapid naming when certain types of words are involved. 
It has been suggested that the more complex models of word reading are necessary 
than that proposed by Ellis (1983) and others. In reviewing models of word reading,, 
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Raymer and Berndt (1996) suggested a need to incorporate lexical, non-semantic 
processes with orthographic input directly activating phonological output without 
semantic mediation. Furthermore, Alvarez et al (2001) suggest the need for a complex 
model that incorporates the morpheme. Only by the incorporation of these additional 
units will a more meaningful interpretation, substantiated by research, be possible, 
particularly in languages less studied than English (see Chapter 3 for a further details 
of work in other languages). 
The evidence suggests that further work on the development and relationship between 
lexicons needs to be carried out, and how reading and spelling deficits may be 
influenced by the various components identified. For this reasons, measures that 
invoke lexical effects should be included in measures of cognitive deficits. 
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2.3 Subtypes hypotheses 
The neuropsychological basis for sub-types of dyslexia seems without foundation since 
no step or cut-off has been shown to exist, and the transition between good and bad in 
any subskill appears along a continuum, and not an either/or dichotomy. For sub-types 
to exist there would appear to be a need to clearly differentiate between two samples 
within the population. The very term 'dyslexia' as applied to a 'sub-type' of readers 
has been referred to as misguided and without a basis in cognitive theory (Stanovich 
and Siegel, 1994), whilst Tonnesson (1995) suggested that much of the confusion over 
the existence of sub-types is a direct reflection of the lack of a clear and concise 
definition of dyslexia. Seymour (1986) suggested that if sub-types exist, there will be a 
small number of distinct characteristics, each shared by the individuals in a particular 
sub-group. Furthermore differences between the groups would be due to a) certain 
systems or sub-systems being absent in the same subject, b) resources available to 
particular systems or subsystems differing or c) subjects differing on their strategic 
emphasis on the use of particular processing routes. These issues need to be taken into 
consideration when interpreting any model of sub-types. 
One of the earliest researchers to attempt sub-typing was Boder (1973), who proposed 
two principle sub-types, dysphonetic and dyseidetic, which reflect the possible failures 
of the two routes in the dual route model of reading. However, Boder also noted that 
while 67% could be categorised as dysphonetic, and 10% as dyseidetic, there was also 
a mixed group which represented 23% of the cohorL Differences between these sub- 
types are hypothesised as based on the systems that are disabled in children with 
literacy difficulties. If the child is not able to use phonetic transcription (that is, the 
phoneme-grapheme correspondence (PGQ system is incompletely developed), they 
would be classified as dysphonetic. However, if they have problems with irregular 
words such as 'yacht', then their orthographic lexicon is incomplete, and they are said 
to be dyseidetic. Treiman (1997), however, found that the pattern of errors of the 
dyslexic child were indistinguishable from those of younger, normally developing 
children. 
An alternative approach was proposed by Bakker (1979), who used a classification of 
'Linguistic' (L) and 'Perceptual' (P), reflecting a distinction between a language and a 
visual deficit, though it is not as widely accepted as Boder's system (Licht and Spyer, 
1994). However, the research evidence does suggest that in certain individuals it may 
be possible to classify them in accordance with this theory by analysis of reading 
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errors, and that differential hemisphere stimulation may be used for remediation 
(Robertson, 1996). 
Castles and Coltheart (1993) suggest that the phonological dyslexic can learn irregular 
words, but fails to develop the depth of orthography-phonology relationships required 
to fully develop literacy skills. As a result, novel words (eg new words or 
pseudowords) are more problematic than for the unimpaired reader. Conversely, the 
surface dyslexic will acquire the PGC rules, but will have trouble with irregular words 
because of deficits in the lexical route used in sight vocabulary. 
Building on the work of earlier researchers (eg Morris et al, 1981) Lyon et al (Lyon, 
1983,1985a, 1985b; Lyon, Stewart and Freedman; Lyon and Watson, 1981) based their 
research on a theoretical model which also included linguistic and perceptual tasks. 
This study produced six sub-types from a cohort of 11-12 year olds. In an attempt to 
validate classification, an intervention study was implemented (Lyon, 1985a; 1985b). 
Results indicate that those classified as having unitary linguistic deficits or mixed 
visual-memory and linguistic deficits responded poorly to the phonics program, whilst 
those who did well on all measures or were low only on visual memory and visual 
spatial tasks responded well to the same intervention procedure. With a younger age 
group (6.5 to 9.0 years) five sub-types were found, again through cluster analysis. 
Intervention studies (eg Lyons, 1985a) again showed that the response to treatment was 
dependent on the assessment and classification. Specifically, the group with word 
recognition and phonological memory span deficits but visual-perceptual, motor and 
visual memory abilities at acceptable levels were randomly divided into two groups. 
The group taught with a combined orthographic pattern and analytic phonics methods 
responded far better than those given instruction only using a phonics approach. 
The Yale study of Fletcher et al (1997) used statistical cluster techniques to identify 
seven sub-types based on combinations of cognitive deficits. Two of the sub-types 
were non-reading disabled, and five were reading disabled. Each individual was tested 
using a range of cognitive tasks that measured phonology, rapid naming, verbal short 
term memory, visual tasks, speech production and visual attention, and assigned to a 
sub-type that was a combination of specific deficits in these tasks. However, whilst 
attempting to minimise the impact of the statistical methodology compared to the 
Lyons study, their classification procedure still required that "Each decision was 
empirically evaluated by comparing overlap across the three primary methods and 
visually evaluating subtype profiles. " (Fletcher et al, 1997, p108). That is, human 
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qualitative judgement was used to supplement statistical arguments, and thereby 
undermining their attempt to make the divisions quantitative rather than qualitative. 
Whilst the Fletcher et al (1997) cluster analysis may have been influenced by the 
methodology, that is the human intervention, the research does acknowledge the 
significance of cognitive functions beyond phonology, and therefore constitutes a 
significant shift in the attempts to assess and categorise individuals with literacy 
difficulties. Furthermore, whilst the controversy continues as to the cognitive basis of 
sub-types, it is clear that differentiation of children by cognitive ability and style may 
be beneficial for grouping children for remediation purposes (Lyon, 1985a). 
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2.4 Models of Intelligence 
The original work of one of the pioneers of intelligence testing, Binet, in 1904, was an 
attempt to measure a child's ability in order to assist the assignment of financial 
support. He was attempting to differentiate between two types of educational failure: 
those who could learn the material but did not want to, and those who could not learn. 
The intention was to provide a measure that would be more objective than teachers' 
opinions. 
Although dyslexia had been written about in medical journals prior to Binet's work (eg 
Morgan, 1896), the concept of specific leaming disabilities was still not widely 
understood or disseminated. As a result, no allowance was made for an individual 
possibly having significant difficulties in only one area. 
Sparrow et al (in press), in their analysis of recent advances in intelligence testing, 
suggest that the use of a single index for IQ is obsolete, and that analyses that provided 
only two indices are only a small improvement. In the field of dyslexia, the use of a 
unidimentional measure, (eg Turner's Dyslexia Index, 1999) would assume that the 
nature of the difficulties of the dyslexic individual are not important, only the severity. 
However, it has been suggested (eg Lyon, 1983) that knowledge about the 
effectiveness of various information processing systems is vital in determining the 
appropriate teaching methods. 
Daniel (1997) criticised intelligence testing for its narrow focus on specific cognitive 
abilities, and suggested a wider base of skills should be assessed, reflecting Gardner's 
(Gardner, 1983) notion of eight intelligences. Sparrow and Davis (2000) proposed that 
an assessment protocol for evaluating intelligence should involve a range of skills, 
such as 
1) attention 
2) auditory, visual and tactile perceptual functions 
3) verbal and language functions 
4) spatiallconstructional processing abilities 
5) memory and learning 
6) executive functioning (conceptual reasoning, problem solving, planning, flexibility 
in cognitive strategies, and implementing cognitive plans) 
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Many of the more recently produced tests purporting to measure intelligence (eg 
Woodcock-Johnson Test of Cognitive Abilities -R (1989): Kaufmann Assessment 
Battery for Children (Kaufmann and Kaufmann, 1983) attempt to use a framework that 
includes most, if not all, of these aspects. 
The modelling of intelligence has centred around structures that may be considered as 
multi-level theories (see Figure 2.3). Some models assume a single function (G factor) 
has a direct controlling effect on all the underlying processes (Figure 2.3a). An 
example of a hierarchical system is the Gf-Gc theory (Hom and Noll, 1997; Cattel, 
1987) (see Figure 2.3b) where the broad based abilities (Stratum 2) are subservient to 
an overall general intelligence (Stratum 3), but superior to the cognitive functions of 
Stratum 1. Diverse statistical interpretations give rise to a number of hypothesised 
modules, hierarchies and relationships. There are many forms of this basic hierarchical 
structure. The difference between them is in the number (and naming of) the different 
modules, and the cognitive functions subsummed within those modules. 
Woodcock (1997) used the basic hierarchical Gf-Gc model (Figure 23c) as the basis of 
the Woodcock-Johnson Tests of Cognitive Ability, which the authors claimed to be the 
first intelligence measure based on a theoretical model. As represented in Figure 23c, 
this does not assume a Stratum 3 with an overall G factor. 
Figure 2.3: Three types of multi-level model of intelligence. 
a) 
b) 
c)cH 
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The Woodcock-Johnson model contained the following eight modules: 
Gf (Fluid intelligence/reasoning) - The ability to reason, form concepts, and solve 
problems that often include unfamiliar information or procedures: manifested in the 
reorganisation, transformation, and extrapolation of information; Gf deficits may be 
characterised. by difficulty in generalising rules, forming concepts, and seeing 
implications. 
Gq (Quantitative reasoning) - The ability to comprehend quantitative concepts and 
relationships and to manipulate numerical symbols; Gq deficits are reflected in 
difficulty with numerical tasks. 
Gc (Crystalline intelligence/knowledge (referred to as comprehension-knowledge by 
Woodcock) - The breadth and depth of knowledge including verbal communications, 
information, and reasoning when using previously learned procedures; Gc deficits are 
characterised by lack of information, language skills, and knowledge of procedures. 
Gsm (Short term memory) - The ability to hold information in immediate awareness 
and then use it within a few seconds; Gsin deficits may result in difficulty in 
remembering just imparted instructions or information. 
Gv (Visual intelligence/processing) - Spatial orientation and the ability to analyse and 
synthesize visual stimuli; Gv deficits may result in poor spatial orientation, 
misperception of object-space relationships, difficulty with art, and difficulty using 
maps. 
Ga (Auditory intelligence/processing) - The ability to analyse and synthesize auditory 
stimuli: Ga deficits may be characterised by speech discrimination problems, poor 
phonological knowledge, and failure in recognising sounds. 
Glr (Long-term storage/retrieval) - The ability to store information and retrieve it later 
through association; Glr deficits may result in difficulty in recalling relevant 
information, and in learning and retrieving names. 
Gs (Cognitive processing speed) - The ability to rapidly perform automatic or very 
simple cognitive tasks; Gs deficits are characterised by slowness in executing easy 
cognitive tasks. 
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Whilst Woodcock used a single function Gs to denote speed, Horn and Cattell (see 
Cattell, 1987 for example) included a ninth module to distinguish between "cognitive 
processing speed" (rate of test taking, numerical facility, perceptual speed) and 
"processing speed" (simple reaction time, choice reaction time, semantic processing 
speed, mental comparison speed). However, no clear distinction between the two 
(Carroll, 1997) is offered. 
A further expansion of this model, which is particularly relevant to this discussion is 
the McGrew model (1997, p155). This adds a tenth, literacy based, module to the nine 
discussed above: Grw - Reading/writing. (See Figure 2.4). McGrew notes that such a 
module would include the following items: 
Verbal language (print) 
Verbal comprehension 
Cloze ability 
Reading speed 
Reading decoding 
Spelling ability 
Writing ability 
English usage knowledge 
(Probably a better terminology for the last of these points is 'language usage and 
knowledge', to reflect a more international viewpoint. However, the original 
terminology has been left for correctness. ) 
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Figure 2A The Gf-Gc (three stratum) model of intelligence - McGrew (1997) 
Of the 72 narrow abilities listed by McGrew (1997) only those most pertinent to this 
investigation have been listed. 
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2.5 Information processing models 
The acquisition of reading and writing skills and the inter-relationship between 
underlying cognitive skills may be modelled in different ways, and this analysis will 
highlight a number of approaches relevant to the research. 
According to Rack, Hulme and Snowling (1993) any model of reading should do the 
following: 
describe how reading develops 
examine skills needed for reading 
specify mental operations involved in reading 
explain how this fits with current brain knowledge. 
Although this framework was constructed within the context of an alphabetic script, it 
is also valid for non-alphabetic systems such as Chinese, and mixed systems such as 
Japanese (the kana syllabaries and the kanji character writing). Unfortunately, whilst 
there are a number of theories of reading and reading development in alphabetic 
scripts, the complexities of Chinese and Japanese are not so well researched or 
understood. 
Frith (1985) built upon earlier models of reading (eg Patterson et al, 1981). She 
considered that linguistic guessing constituted the first phase. Sequential decoding, the 
second phase, is the implementation of the alphabetic principle, whilst the decoding 
using analogy and rules constitutes what Frith refers to as the orthographic stage or 
third phase. Furthermore, Frith (1985) also noted the interaction between reading and 
spelling, and how development of one may reinforce the other. As a consequence, she 
suggests both an independence and interdependence between segmentation (decoding) 
and assembly (construction) skills. 
Confirmation of the early (logographic) stage can be found in research by Seymour 
and Bder (1986) who demonstrated that children aged 4-5 did not show differences in 
naming times between words that varied in length. Furthermore, these children could 
not name new words they had not been explicitly taught, as they did not have 
phoneme-grapheme correspondence rules or analogy ability. These findings suggested 
that visual clues were utilised when reading and incorporated into a guessing strategy 
based on minimal visual details such as those contained in word shapes. Such guessing 
strategies also seemed to lead to semantic effors. 
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Stuart and Coltheart (1998) noted a progression through what they referred to as visual 
gestalt/sound bite to visual feature/spoken word and then orthographic/phonemic 
correspondence. That is, they noted the advance from the whole (visual or sound) unit, 
to an analysis of detail contained therein. This hierarchical acquisition confirms 
research by Share and Stanovich (1995) which suggests that in English, phonological 
ambiguities may be resolved by accessing semantic and contextual information. 
However, scriptal differences (eg in Chinese, the reading frequently goes from 
orthography to phonology via semantic representation (Perfetti and Tan, 1998)) mean 
that a more general interpretation should be that ambiguities in one area may be 
resolved by utilising information from another (Perfetti and Tan, 1998; Osaka, 1992; 
Goswami, 2000). 
At the preschool stage, according to Goswan-ii and Bryant (1990), phonological skills 
such as rime and alliteration would provide the basis for developing alphabetic 
strategies. This gives an orthographic categorisation upon which subsequent decoding, 
especially in new word acquisition, is built. Alphabetic decoding teaches explicitly the 
phonemic structure of a word which may then work in tandem with the reading 
process to develop the three components of the lexicon - the orthographic, semantic 
and phonological lexicons. Increasing vocabulary necessitates an ability to 
differentiate items in the phonological lexicon with greater refinement (Metsala and 
Walley, 1998). This refinement progresses through syllable, onset and rime, and finally 
phoneme levels of specification (Goswami, in press). 
The dual route model of reading was based on investigations of individuals in whom 
parts of the system has been damaged or deteriorated (Shallice, 1988). Patients have 
been found where the two systems, the lexical (direct) route and the sub-lexical (letter 
to sound conversion), have functioned independently of one another. 
There are many descriptions and interpretation of the dual route model of reading (eg 
Ellis, 1983), but in principle, a frequently encountered word will be rapidly recognised 
by the visual word recognition system that stores representations of whole words. This 
is linked to representation of the word's phonological and semantic form. For 
unfamiliar words, a 'sub-lexical' system is used in which units smaller than the whole 
words are accessed. These sub-units include morphemes (bound and unbound), rimes, 
syllables, phonemes, consonant blends etc. They allow new, or low frequency, words 
to be decoded through a unit by unit (eg phoneme by phoneme) or analogy method. 
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Seymour (1999) has argued for a more advanced model, which proposes that two 
primitive systems form the foundation stage (logographic and alphabetic decoding 
mechanisms). Representation of the abstract rules of spelling are contained within a 
proposed orthographic module, whilst a morphographic system houses multi-syllabic 
and complex word forms. Furthermore, he proposed that spoken language structure is 
stored within a linguistic awareness system. This model attempts to incorporate both a 
multiple rather than the two system (whole word/sub-lexical) approach, and a 
developmental concept to reading acquisition not normally associated with the dual 
route concept. 
Criticisms of these "dual route" based viewpoints include the fact that the two routes 
are not independent. Furthermore, the dual route model as normally interpreted (eg 
Ellis 1983) does not adequately explain the reading process in non-alphabetic script 
such as Arabic or Chinese. Noting the inadequacy of the dual route system to account 
for reading and dictation (spelling) in Chinese (Mandarin/Plutongua), Olson and 
Caramazza (1995) concluded that the whilst the language may be accommodated 
within a form of the dual route model, the linguistic rules for these languages are far 
more complex that in the alphabetic systems. 
However, support for the dual route mechanism in Chinese is offered by Yin and 
Butterworth (1992) who argued that, given the frequency characteristics of the 
phonetic component (Yin, 1991), there is at least the potential to use a sub-lexical 
route, whereby some of the features of the characters, rather than the whole character, 
may be used to read words. Their cohort was 11 brain damaged right handed patients 
from Beijing, all of whom were Mandarin speakers. As predicted, no person classified 
as deep dyslexic could read pseudo-words, whereas surface dystexics could read 40%. 
They suggest this difference is partly explained by reading performance on the 
phonetic radical in isolation. As hypothesised, the deep dyslexics read irregular and 
regular words equally well, whilst surface dyslexics read regular characters more 
accurately. Yin and Butterworth (1992) conclude that despite obvious script 
differences, Chinese and alphabetic systems seem to use the same broad underlying 
cognitive architecture, and a dual route model does appear to be appropriate. However, 
the mechanisms as set out in the dual route system have yet to be shown to be 
universally acceptable for all linguistic conditions, including multilingual individuals. 
There have been a number of attempts at replicating the reading process and the dual 
route model of reading through computer modelling, with varying levels of success. 
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Connectionist theories (eg Plaut, McClelland, Seidenberg and Patterson, 1996; Harm 
and Seidenberg, 2000) attempt to map the relationship between components of 
phonology, orthography and meaning using Hebbian (learning) algorithms. Increased 
complexity in the model can improve the relationship between the model and reality, 
particularly when factors such as orthography are included. However, though there 
appear at first to be similarities to real performance of dyslexic individuals, there is 
concern as to the extent to which the model is manipulated to achieve the results, and 
to what extent it can be said to mimic cognitive function. One of the main problems 
with such models is that they are based on simulations that do not allow the sort of 
development which the normal reader would experience and which may be vital for an 
understanding of developmental dyslexia. It has been argued (see Zorri, 1999 for a 
review) that the connectionist model negates the need for a dual route. However, Zorri 
(1999) suggests that the dual route (and other) processes as suggested in many reading 
models are represented within the hidden 'nodes' of the computer simulation. However 
their roles are difficult to evaluate due to the current formulation of the governing 
algorithms. 
Several attempts have been made to extend the basic dual route model (eg Ellis, 1983) 
to include processing beyond the lexical system, such as speech/non-speech sound 
discrimination and visual analysis. However, they (eg Capovilla and Capovilla, 2000; 
Rayner et al, 1994; Kornev, 1995) frequently ignore one or more components of the 
fundamental requirement of a model of reading as mentioned earlier (eg Rack, Hulme 
and Snowling, 1993). Their failure to incorporate feedback mechanisms (eg checking 
the spelling "looks right") does not reflect the way children really function, and any 
model that attempts to classify input/output representations (visual or auditory) should 
incorporate current theories of cognitive functioning and development, such as the use 
of linguistic probability (Brown and Loosemore, 1995; Metsala et al, 1998), that is the 
statistical likelihood of a result being correct. Finally, these models, like the Ellis 
model, offer no further aid in processing the acquisition and identification of novel 
stimuli, nor offer adequate mechanisms for dealing with non-alphabetic scripts. 
It is evident from the preceding discussion that there are many factors involved in the 
acquisition of reading and writing, and failure in any one of those systems will result 
in reduced effectiveness in literacy acquisition. Although there does not appear to be a 
model of literacy acquisition that accommodates not only the diverse cognitive 
processes, but also the various language contexts, it appears that a form of the dual 
route could be used to describe certain parts of the literacy process. However, the 
underlying components are many and varied, and demands placed upon them may 
depend on the language in question. 
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Chapter 3 
Reading, writing and dyslexia in 
different orthographies and scripts 
Underneath the knocker there was a 
notice which said: 
PLES RING IF AN 
RNSER IS REQIRD. 
Underneath the bell-pull there was a 
notice which said: 
PLEZ CNOKE IF AN 
RNSR IS NOT REQID. 
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Chapter 3- Reading, writing and dyslexia in different orthographies and scripts 
Having described examples of existing basic models of literacy, this chapter looks at 
research that has been carried out in different languages, and the difficulty of making 
cross-linguistic comparisons. Rather than attempting to document, compare and 
contrast all research done in all languages, this review highlights a number of issues 
relevant to the present research, including the diverse nature of the specific languages 
studied. The analysis has been structured to reflect the central thesis of this research, 
namely that the impact of specific cognitive skill deficits will be dependent upon the 
language and script in question. 
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3.1 Difficulties of cross-linguistic comparisons 
There has been much research into trying to understand the underlying mechanisms in 
learning to read and write, and into the failure to acquire literacy skills, as discussed in 
the previous chapter. Much of this research has been carried out in the English 
language, though there are a number of articles written concerning other languages, 
some of which are discussed below. In order to ensure the validity of inclusion within 
this comparison, it is important to evaluate methodology, particularly in respect to 
three areas of concern when comparing across languages. 
These are: 
a) The influence of selection criteria 
b) Differing definitions of dyslexia 
c) Assumption that English based tests are valid in other languages 
a) The influence of selection criteria 
When two groups are compared, it should be ensured that the selection criteria do not 
influence the results. Unfortunately, this consideration appears to have been forgotten 
at times in this field of research. For example, it is not uncommon for the dyslexics to 
be obtained from one specific source (eg a specialist dyslexia school) and for the 
controls to be obtained via another (eg an ordinary school). As a result, not only will 
the two cohorts differ due to selected criteria external to the research (eg the diverse 
ways of diagnosing dyslexia), but also they will not be matched in terms of the 
learning environment. 
An example is provided by the cross-linguistic study of Wimmer and Frith (1997). 
This compared dyslexic and control cohorts who were monolingual English or German 
speakers. However, the English dyslexic subjects were selected from those attending a 
specialist dyslexia school, whereas the English controls did not attend such a specialist 
teaching environment. This may have led to differences in terms of background 
factors, such as socio-economic status and teaching methods. The latter is particularly 
pertinent since differences in teaching methods (eg whole word versus phonics) have 
been shown to affect the development of reading skills and the impact of visual versus 
phonological factors as predictors of literacy level (Ellis and Large, 1987; Stuart and 
Coltheart, 1988). This English-based selection process also differed from that stated for 
the German-speaking cohort. In the latter case, German dyslexics were obtained from a 
research laboratory and, therefore, were presumably selected based upon research-led 
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criteria that could be very different from criteria that determine a specialist school 
population. Such differences in criteria make comparisons across cohorts difficult to 
justify and, hence, any differences between language background need to be treated 
with caution. 
A second example of the influence of selection criteria may be found in Singh et al 
(1993). They reported results of a study in Hindi, and concluded that their dyslexics 
had a syntactic impairment of the receptive mode of language. Given their selection 
criterion was poor reading skills, it may be argued that this was to be expected. 
Furthermore, they noted that dyslexics performed poorly on a spatial ability task 
(Block Design Test from WISC). However, on closer examination it appears that the 
Bender Test, which is highly dependent upon visual and spatial skills, was used to 
select the dyslexic cohort. That is, if they were poor in the Bender Test they could be 
included in the dyslexic cohort, and if they performed at average or good levels on the 
Bender, they would not to be included in the dyslexic cohort. Controls were not pre- 
selected on this measure and would therefore be expected to perform at average levels. 
Therefore the differences in visual skills may simply be as result of the method of 
choosing the cohort, rather than innate difference between the two groups. 
b) Differing definitions, eg of 'dyslexia' 
There are many different definitions of dyslexia, which may vary due to linguistic and 
environmental factors (see Chapter 1). If a categorical approach is to be used, ie, one 
group is defined as dyslexic by means other than the research itself, it is important to 
ensure that the definitions are consistent in all countries in a cross-linguistic 
comparison. Thus, for example, "dyslexic cohort" in Russia will, by definition (see 
chapter 1), have a reading difficulty, but not necessarily a spelling difficulty 
(Inshakova and Boldyreva, 1997). Failure to take account of these differences may 
mean that whilst it may be possible to compare the "dyslexic" and "non-dyslexic" 
cohort within any one country, it could be inappropriate to compare between countries; 
ie a child with a reading only deficit may be very different from a child with a spelling 
only deficit and one with deficits in both areas of literacy (see Frith, 1985). 
c) Assumption that English based tests are valid in other languages 
The validity of any test is restricted by the context in which it was developed, and in 
which it is subsequently used. Any test that is valid in one language/script for those 
with literacy difficulties does not mean that it will also be valid for a similar analysis 
in a different language. By changing the language, the context is changed, and 
therefore the test may no longer be relevant. 
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For example, Yamada and Banks (1994) used a modified Bangor Dyslexia Test to 
investigate the prevalence of dyslexia in Japanese children. In their work they selected 
the lowest eight scores (from 125 children) in the katakana (syllabic spelling) test as 
dyslexic. According to Yamada and Banks, this offered a "natural boundary" between 
dyslexic and non-dyslexic groups, and also appeared to mark a difference in the 
number of miscues and intonational difficulties. However, close inspection of the 
frequency distributions (number of subjects plotted against spelling scores) suggests 
that results occurred along a continuum, and any apparent "boundary" suggested by the 
existence of a minor step, may be a product of the low number of children tested, 
rather than a statistically valid grouping. They went on to suggest that the difference 
in the number of miscues and intonational difficulties alone would suggest that their 
eight subjects may be dyslexic. However, they went further than this by attempting to 
use the Bangor Dyslexia Test (Miles, 1993) as justification for identification of these 
dyslexics. Their analysis appears to be based solely on the evidence that none of the 
117 non-dyslexics performed at a level lower than the average of the dyslexics in the 
three chosen Bangor tests (reversed digit span, counting backwards and multiplication 
tables). Post hoc selection of just some of the measures from another test that conform 
to their requirements (ie are different for the selected group), particularly given they 
are all highly related to auditory short term memory and none are literacy related, does 
not constitute a validation of the results. Whilst it may well be that the Japanese 
dyslexic child is characterised by auditory short term memory, this is not the case in 
English for which the Bangor test was designed. To take selected tests and apply them 
to a different language is inappropriate, and consequently it may be seen that Yamada 
and Banks (1994) validation process does not allow them to suggest that their 
dyslexics have been confirmed by an external validation process. 
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3.2 Research findings 
Whilst much research exists on the differing demands of reading and reading 
acquisition in different scripts, research on how this impacts on children with reading 
and writing difficulties has still to be carried out in many languages other than English. 
(For an overview of reading and writing in different scripts, see Harris and Hatano, 
1999, and Taylor and Olson, 1995. ) For a review of some of the potential difficulties 
that may be encountered by the dyslexic individual in different languages, see Miles 
(2000). However, there is considerable evidence to suggest that difficulties of the 
dyslexic individual are not the same in all languages. Below is an overview of some of 
the research that shows these differences, both in terms of results and approaches. 
Although where possible the research reviewed here focuses on that related 
specifically to specific learning difficulties, some work pertaining to the acquisition 
and prediction of specific skills has also been included. Whilst there has been an 
attempt to group the differences by cognitive factors, the nature of the diverse 
approaches often precludes this. 
Phonological differences 
Phonological skills are often considered (see chapter 2) as being at the heart of the 
difficulties of the dyslexic individual in the English language, and international 
research into reading and writing difficulties has also been dominated by studies to 
determine the relationship between phonological skills and reading difficulties. 
Although many of the studies have been in alphabetic scripts, there has been some 
research in non-alphabetic scripts. 
Reading and writing in transparent scripts, such as German, Spanish and Greek, have 
been widely researched in the past decade. These languages offer similarities in their 
demands on phonological processing which may be considered, at least in part, as a 
function of their degree of phoneme-grapheme correspondence (or transparency). 
In reading German non-words, Wimmer (1996) found that 10-year-old dyslexic 
children were more accurate than is typically found among dyslexic children learning 
to read English. However, the German dyslexics were a lot slower than matched non- 
dyslexic controls. Wimmer hypothesized that German and English speaking dyslexic 
children do not differ in their underlying phonological impairment, but do differ in 
how it manifests itself. This conclusion appears to be reproduced in a cross linguistic 
study of children by Landerl et al (1997). The latter authors also hypothesised that 
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since English and German non-dyslexics also differed in terms of non-word reading, 
many of the differences found between English and German groups are as a result of 
orthographic consistency rather than something specific to dyslexia. However, 
phonological deficits were not found in German speaking dyslexic children by 
Klicpera and Gasteiger-Klicpera (2000) casting doubt on the interpretation placed on 
the finding by Landerl et al. Furthermore, Schulte-K6me (2000) suggests that the 
reading difficulties remain throughout childhood, and are not overcome as suggested 
by Landerl and Wimmer (2000). 
Spanish is often cited as being an easy language to learn due to its transparency and 
regularity (eg Ganshow, 1995). Indeed it has been suggested by Ardila (1991) that the 
whole word (or lexical) route, that is the path of the dual route system that processes 
whole words rather than the smaller units such as graphemes, is not invoked in reading 
Spanish. If this view is correct, reading will be accomplished by a process of spelling- 
sound conversion and, hence, will be dependent upon this process. Research suggests 
that the dyslexic Spanish child exhibits a number of difficulties, including segmenting 
words into phonemes and phoneme manipulation, confusing phonemes that share 
phonetic features, distinguishing visually similar words (reading cine (cinema) as cena 
(dinner)) and confusing phonologically similar words with different spellings (ola 
(wave) and hola (hello)) (Cuetos, 1999). Diagnosis, it has been suggested (Cuetos, 
1999; Montfort Supple, 2000), should be related to the number of times each of these 
errors is present. As with other alphabetic languages, there appears to be abundant 
evidence of the central role of phonological skills in reading acquisition (Jimdnez & 
Artiles, 1990), reading development (Cuetos, 1989; Valle, 1996), and reading 
difficulties (Deflor et al, 1996; Snowling, 1998; Jim6nez & HernAndez, 2000). When 
segmentation skills are poor, children may have to rely on familiarity and analogy- 
based strategies (Sebastidn, 1991). Under such circumstances, reading performance 
depends on the ability to recognise visual similarities in letter strings. However, 
although phonological segmentation training has proven to be a central resource to 
improve children's performance (Rueda et al, 1990), the improvement is limited to 
writing tasks and shows little effect on reading performance (Rueda et al, 1990). This 
finding suggests the possibility that reading relies on a route that is independent of 
segmentation skills (Coltheart, 1987; Cuetos, 1999). Evidence that the lexical route is 
used in Spanish comes from a number of studies reported where semantic parlexias 
have been found (eg Ruiz, Ansaldo and Roch Lecour, in preparation; Ferres and 
Miravalles, 1993; Ferreres, 1992; Dalm6ts, 1991). For example, Ferreres and Miravalles 
(1993) found that their patient was unable to read non-words but could read some real 
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words, suggesting the grapheme-phoneme system was disrupted, and that some form 
of whole word approach was usable. Ruiz et al (1992) acknowledged that a non- 
phonological route (ie the lexical route in a dual route system) to meaning was 
required to explain their findings, but would probably only develop with extensive 
exposure to reading. 
Greek is considered to be easy to read but difficult to spell. According to P6rpodas 
(1990), Greek Primary 4 children use phoneme-grapheme correspondence to spell in 
preference to larger orthographic units, such as rime. This was deduced from their 
ability to spell orthographically regular words better than exception words, with 
misspellings being phonetically accurate. Furthermore, non-word spelling, which uses 
direct phoneme-grapheme correspondence, was more accurate than spelling of words 
which required knowledge of larger orthographic units. However, in reading he found 
that poor readers relied on phonological information only, whilst good readers 
appeared to use both visual and phonological factors for efficient reading. He 
concluded that unlike the good readers, these poor readers use the same processes for 
reading and spelling, ie a strong reliance on grapheme-phoneme correspondence. 
The approach of Nikolopoulos et al (2001) was to propose three sub-types of dyslexia 
in Greek children. "Accuracy dyslexia7' was characterised by selective impairments 
with word and non-word reading, spelling, phonological awareness, phonological 
processing and syntactic awareness. A second subtype, "rate dyslexW', was 
characterised by selective impairments with automaticity skills and isolated problems 
with reading speed. The third group, "balanced dyslexics", had global impairments, 
and more severe reading speed and reading accuracy problems than the other two sub- 
types. This classification acknowledges that there are issues within reading and writing 
difficulties in Greek other than the phonologically related components 
Elbro, Nielsen and Petersen (1994) found that the Danish dyslexics they tested were 
not only behind their peers in reading and related skills, such as spelling and rapid 
naming of letters, but were also behind in most language abilities, including receptive 
and productive vocabulary, verbal short-term memory, and awareness of phonemes, 
rhymes, morphemes, and syntax. A longitudinal study of 80 Danish "at-risk7' children 
(Elbro et al, 1998) showed that knowledge of letter names, phonemic awareness, and 
quality of phonological representations of spoken words were the main precursors to 
literacy skills, and that four out of five children who later had reading difficulties could 
be identified prior to preschool class based on difficulties in these areas. 
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Research in French, a language that, like English, is opaque, suggests that those 
children with better letter knowledge and explicit phonological knowledge used pre- 
reading strategies that involved at least some grapheme knowledge (Sprenger- 
Charolles and Bonnet, 1996). The role of phonological awareness as a predictor of 
later recoding abilities was demonstrated by Gaux and Demont (1997). A longitudinal 
study (Casalis and Louis-Alexandre, in press) showed that in the second grade, 
measures of phonological awareness explained a significance part of the variance in 
single word reading and reading comprehension scores. 
However, these phonological deficits are not only restricted to the script using the 
roman alphabet. For example, Breznitz (1997) and Ben-Dror et al (1995) concluded 
that not only do Hebrew dyslexics have difficulties with morphemic knowledge (see 
later section) but also, like their English counterparts, have severe phonological 
deficits, as characterised by phonological awareness difficulties and poor pseudoword 
reading (in terms of accuracy and speed). 
Similarly phonological deficits were found by Ramaa (1985) in Kannada speaking 
dyslexics. The research showed that the dyslexic individual can be distinguished from 
the non-dyslexic in visual-verbal association (learning new sounds for a pseudoletter 
string), word analysis (phoneme separation), word synthesis (phoneme blending), and 
auditory sequential memory, but only the last two tests distinguish dyslexics from 
garden variety poor readers. 
It has been noted that phonological awareness at three years old was a significant 
predictor of reading Chinese at four and five years, after controlling for the effects of 
differences in age, IQ and mother's education (Ho and Bryant, 1997). The findings 
also suggested that Chinese five-year-old children have a rudimentary knowledge of 
the Chinese orthography-phonology correspondence (OPC) rules. It was found that 
Chinese beginning readers are aware of and apply their knowledge of the OPC rules in 
reading Chinese, and that rhyme awareness may be important for acquisition of these 
rules by first-graders. McBride-Chang and Ho (2000) suggest that speed and 
phonological awareness can predict character recognition, and that slow naming speed 
was associated with poor visual attention and letter knowledge. Furthermore, dyslexics 
have been shown to perform worse than reading level matched controls in rhyme 
detection but not onset detection (Ho and Lai, in press). 
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From the above discussion it is clear that phonological processing difficulties are 
implicated in many languages when there are reading and writing difficulties. 
However, the specific nature of the relationship between the literacy difficulties and 
the specific "phonological" deficit may vary depending on the language/script. For this 
reason, test material that assesses the relationship between phonological skills and 
spelling and reading abilities is included in this research. 
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Auditory and visual differences 
Auditory and visual difficulties, such as in short term memory, discrimination and 
perception have been found to be significant contributors to the difficulties of those 
with reading and writing difficulties in a number of languages. However, research 
suggests that the contribution may be dependent upon the language involved. 
There are a number of studies of German speaking children that suggest difference 
between dyslexics and non-dyslexics in these areas. Wimmer et al (1998) report more 
difficulty with auditory short term memory than phonological awareness. Furthermore, 
Schulte-Kome et al (1998) found that the ability to discriminate between two sounds 
did not predict reading and spelling difficulties. 
In a study of children speaking Dutch, a complex and fairly opaque language, Grievink 
and Peters (1997) reported that early (aged 2-4) otitis media (glue ear) in both ears, 
which may be considered to affect discrimination and perception and may lead to 
reading and writing difficulties (Peer, 1997), was found to affect spelling ability but 
not language performance or reading ability, at seven years. 
Tones are considered to be the smallest units of sound in Chinese that distinguished 
between two characters or words. For example, Cantonese, the dominant language of 
Hong Kong, has four tones, whilst Puntongua (Mandarin), the language of Beijing, has 
nine tones (see Fok, 1974). By changing the tone of a word, you can change the 
meaning of the word. For Putongua, the number of permissible monosyllabic words 
rises from 398 (Paradis, 1989) without tonal consideration to 1227 with differing 
tones. However, this still leaves a considerable degree of homophony. Failure to 
discriminate between two tones will, therefore, lead to confusion and difficulties in not 
only speech, but also literacy acquisition, especially since there is no relationship 
between the sound and the written "grapheme". Lai (2001) noted that dyslexic children 
often ignore these tonal elements of characters when reading, which in turn leads to 
comprehension difficulties. 
In measuring visual differences in German children, Johannes et al (1996) found no 
differences between the dyslexic and control groups for low-contrast, rapidly reversing 
patterns, nor for any combination of stimulus rate or contrast that was tested, which 
questions the importance of a magnocellular processing deficit hypothesis in 
developmental dyslexia in German children. Furthermore, Schulte-K6me et al (1999), 
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also found no influence of contrast and spatial frequency variations on evoked 
potential amplitudes of dyslexics, and concluded that the results do not support the 
magnocellular deficit theory in dyslexic German children. 
Ramaa (1993) concluded that there was no significant difference between the Kannada 
speaking dyslexic and non-dyslexic groups in measures of visual difficulties. However, 
close scrutiny of the selection criteria shows that those unable to perform a simple 
sentence copying task were excluded from the dyslexic group. The reason for this was 
stated as avoiding those with symbol tracking and hand-eye co-ordination problems. 
Unfortunately those with other visual difficulties may also be eliminated at this stage 
(Ramaa et al, 1993), thus leading to doubt over the assertion that the difficulties of the 
dyslexic individual in Kannada do not appear to be visually related. 
Yamada (2000) refutes claims that most of the errors of dyslexics in Japanese are 
visual (Wydell. and Butterworths 1999; Uno et al, 1995; Kaneko et al, 1997; Uno and 
Kamibayshi, 1998). Instead Yamada suggests that a phonological deficit may lead to a 
greatly increased use of visually based strategies, and consequently leads to the 
perceived, rather than real, increased level of visual errors. His research (Yamada, 
1998) indicates that all children make errors (visual, semantic and phonological) when 
reading, and that there is insufficient. research data to suggest that dyslexics may 
present one type of error more than another. 
Ho (1994) found that visual discrimination skills (especially constancy of shape) and 
visual memory skills (along with phonological awareness) at three years were 
significant predictors of reading Chinese at four and five years after controlling for the 
effects of differences in age, IQ and mother's education. Ho and Lai (in press) 
postulates that the importance of memory may be related to the large number of 
symbol-sound relationships that need to be learned relative to English readers (eg 
Cantonese children learn about 400 characters in the first year of primary school). 
Some researchers suggest that children with dyslexia also have other difficulties 
related to the visual domain which may influence literacy skills. For example, work 
with Greek children by Mati-Zissi (2001) suggests that many dyslexic children are also 
poor at drawing. She ascribed this to a series of difficulties, including visual 
perception, visual memory, visuo-motor skills, and organisational skills such as the 
ability to plan a drawing. 
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It is clear from the above that there are a number of auditory and visual skills that are 
implicated in the acquisition of literacy skills, and that these may vary between 
languages. However, at the same time it is also noted phonological or auditory 
domains have been widely researched, the same is not true of visual skills. In order to 
accommodate the diversity of skills necessary in literacy acquisition in the languages 
chosen for this research, it is necessary to use as wide a selection of tests as possible in 
the visual and auditory areas. 
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Rapid naming differences 
Although discussed at length elsewhere (see Chapter 2), there are a number of salient 
point regarding languages other than English that still need to be made. Following the 
work of Wolf (see Wolf, 1997) in the 1990s, a series of studies has taken place which 
suggest that rapid naming deficits may be prevalent across a diversity of scripts. 
However, it is important to note that not only may the results be dependent upon the 
script, but also the nature of the stimulus used. 
Wimmer (1993) found that amongst German speaking children, rapid naming of 
numbers was the most important predictor of reading speed differences (for reading 
text, high frequency words, and pseudowords). Lower performance in rapid naming 
was a characteristic of German dyslexic children even though they generally do well 
on reading accuracy. Wolf (2000) suggested that as the phonological demands (as 
evidenced by measures of rhyme and alliteration) are reduced, so naming deficits may 
become more prevalent, certainly in a diagnostic context. 
Research in other alphabetic transparent scripts show similar results. In Dutch, Wong 
and van der LeiJ (1999) found that for children from kindergarten to 2nd grade, rapid 
naming of objects and phonological awareness had independent influences on reading 
achievement. This is consistent with the view of Wolf (1997) that the two processes 
can act independently of each other. Furthermore, research in Finnish (Korhonen, 
1995) and Spanish (Novoa, 1988) suggest that significant deficits in rapid naming are 
found in children with reading and spelling difficulties 
Similar results have been found in Chinese. Ho and Lai (in press) compared 20 
dyslexic children with chronological age and reading level controls on measures of 
naming speed (digits, colours, pictures and characters) and phonological memory skills 
(digit span, as well as word and non-word repetition tasks). Naming speed for dyslexic 
children was significantly slower than chronologically age matched children, but 
similar to reading level children. Ho (1998) also highlighted that teachers in Hong 
Kong use whole word methods that emphasize drilling of speeded word recognition. 
Therefore, she suggests, naming speed becomes less of a problem for Chinese dyslexic 
children, though the memory load may be increased. However, Ho and Lai (in press) 
suggest that only future research will confirm if the deficit is due to a generalized skill- 
automation deficit (eg Fawcett and Nicolson) or naming-speed without motor-speed 
deficits (eg that proposed by Wimmer, Mayringer and Landerl, 1998). 
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These results suggest that rapid naming may be an important issue in the diagnosis of 
reading and writing difficulties in different languages, but that the specific nature of 
the task (eg number naming or object naming) may influence the results. For this to be 
confirmed, the rapid naming task needs to be included in this work. 
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Semantic and morphological differences 
A number of studies have suggested that semantic and morpheme based information 
may be important considerations. Below are some of those studies. 
The role of morphology has been demonstrated to be important for reading and writing 
acquisition in a number of studies in scripts that use the roman alphabet (eg, Elbro, 
1996; Bertram et al, 2000; Casalis and Louis-Alexandre, in press) and those that use 
other writing systems (Share, 2001; Osaka, 1992). 
Elbro and Arnbak (1996) showed that the recognition of the root of a Danish word 
(morpheme) in written text was partly dependent on the awareness of morphemes in 
spoken language. Subsequently Ambak and Elbro (submitted) showed that morphemic 
awareness improved independently of phoneme awareness. They also found that 
Danish dyslexic adolescents develop compensatory strategies which utilise the 
recognition of root morphemes to help support reading single words and coherent text, 
and that specific morpheme training will improve reading and spelling skills 
independent of phoneme awareness. 
The French longitudinal study of Casalis and Louis-Alexandre (in press) showed that 
in the second grade, morphological (as well as phonological) scores explained a 
significant part of the variance in decoding and comprehension reading scores 
respectively. Other research on the French language has found that syntactic awareness 
predicts later reading comprehension (Nocus and Gombert, 1997; Gaux and Demont, 
1997). The combination of syntactic and morphen-ýc knowledge might be important 
components of text reading skills in French. 
In reviewing a series of investigations, Share and Leikin (in press) suggest that 
morphological knowledge is likely to be a major source of individual differences in 
reading ability. Levin et al (1998) reported that morpheme knowledge and early 
writing skills were correlated both in kindergarten and at Grade I (with both around 
0.50). Furthermore, morphology skills in kindergarten predicted Grade I writing and 
remained a significant predictor even after controlling for writing skills in 
kindergarten. When comparing the semantic, phonological and morphological skills of 
Grade 5 disabled readers to both age-matched and younger control readers, Ben-Dror 
et al (1995) found that a task in which children decided whether two words shared a 
common root (morpheme) was the best discriminator between the reading disabled and 
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non-disabled children. Furthermore, it has been suggested (Breznitz & Leikin, 2000) 
that Hebrew speaking dyslexics have reduced sensitivity to morphological knowledge 
of the grammatical functions of words which leads to impaired syntactic processing. 
One reason for this may be the use of triconsonantal morphemes that can create 
homograph confusability. This leads to the need to use syntactic context to resolve 
lexical ambiguity. Children with weak morpho-syntactic skill may find the change in 
the vowel representational system that is used with more advanced text is confusing 
(Cohen et al, 1996). Many studies have indicated that knowledge of the three 
consonant Hebrew morphemes (see Share, 2000, for an extended explanation) is 
important in reading acquisition (Ben-Dror, Frost and Bentin, 1995; Birnboim, 1995; 
Levin, Ravid and Rapoport, 1998; Rothschild-Yakar, 1989). 
Research in the Japanese language, which may be represented by two scripts, suggests 
that language processing may be dependent upon both the script and the linguistic unit. 
Osaka et al (1992) recorded event related potentials and reaction times during the 
performance of memory-retrieval tasks using the Japanese kanji characters and 
concluded that direct lexical access was used for concrete kanji (eg 'house) and 
phonetic coding when processing abstract kanji (eg 'love') in normal children. 
Nakamura et al (1998) demonstrated that acquired language difficulties in the reading 
performance of Japanese Alzheimer's Dementia (AD) patients could show selective 
impairment, with greater diffliculties in the (syllabic) kana that the monographic 
(Chinese) kanji. They also noted dissociation between kanji reading and 
comprehension, and suggested therefore that kanji can be read without meaning, 
contrary to the more accepted notion that reading Chinese script is usually activated 
from orthography to phonological output via the semantic lexicon (Perfetti and Tan, 
1998; Osaka et al, 1992). Research with AD patients has also demonstrated spelling 
and reading was critically dependent upon intact semantic memory in English (Graham 
et al, 2000) and Chinese (Weekes, 2000). Glosser et al (1998) suggest that at least part 
of this deficit is due to disruption of semantic knowledge that affects relationships 
among basic-level concepts, more than the relationships between these concepts. 
Further research will be needed to see if an analogous developmental version of this 
exists. 
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3.3 Differential dyslexia 
Having noted that dyslexia can be caused by a combination of diverse cognitive 
difficulties, and discussed the possibility that dyslexia in different languages can have 
different underlying cognitive causes, the question arises as to whether or not it is 
possible to be dyslexic in one language, but not in another, ie differential dyslexia. In 
theory this is possible as the evidence provided in this chapter suggests that the 
cognitive deficits that affect one language may be less important in another language. 
Therefore, if any given individual uses two languages with different cognitive 
demands, it is possible that they could demonstrate signs of dyslexia in one language 
and not in a second language. Several pieces of research have demonstrated this. 
Kline and Lee (1972), in a study in Canada, found in children learning to acquire 
literacy in both English and Chinese that whilst most had no problems with either 
language, some had trouble with Chinese, but not English, whilst others had trouble 
with English but not Chinese. Wydell and Butterworth (1999) reported a case of a 
child who was reportedly dyslexic in English (first language) but not in Japanese. 
However, the case is not as clear cut as suggested and may be influenced by 
expectation rather than processing (Tateno, personal communication, 2001). As 
discussed in this chapter, there is some research which shows that the two main types 
of Japanese script, kanji (Chinese) and kana (a syllabary) can be dissociated in 
Alzheimer's patients, and this raised the possibility that similar dissociation of two 
scripts may also occur in a developmental context. 
Paulesu et al (2001) showed evidence of the same word being processed differently by 
English and Italian (normal) individuals, which also suggests that differential dyslexia 
is possible in principle. 
Leker and Biran (1999) described a patient with a particular acquired reading difficulty 
in Hebrew who showed no difficulties when reading in English. This, they suggest, 
shows the existence of a separate, language associated, neuronal network within the 
right hemisphere important to different language reading modes. That is, there was a 
dissociation between Hebrew, read from right to left, and English, read from left to 
right. 
Miller-Guron (1997) demonstrated the existence of Swedish children who were 
demonstrating dyslexia-like deficits with literacy skills in their native language, but 
succeeded with English. She suggested that while they had difficulty with developing 
3-19 
Chapw 3- Reading, writing and dyslexia in different orthographies and scripts 
advanced phonological skills, such as phoneme awareness and manipulation skills, 
which are necessary in Swedish, these children could use alternative strategies, eg a 
whole word approach, to read English. As a consequence they were more able to keep 
up with the peer group for English literacy skills but less so for Swedish literacy skills. 
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3.3 Towards a cross-linguistic framework 
In analysing research into reading and writing in different countries, two major issues 
arise: a) it is important to ensure the cohorts are chosen carefully with due respect to 
the demands of the research, particularly in cross-linguistic research, and b) that there 
are many cognitive factors involved in determining literacy skill deficits, and the 
importance of those skills will vary between countries. It is also clear that whilst there 
has been extensive research into the English language, our level of understanding of 
the cognitive issues in relation to literacy difficulties in other countries is far less 
understood. 
However, there are a number of common factors that do appear to be important, which 
may provide the basis for a framework for understanding the relationships between 
cognitive processing and reading and writing difficulties in a cross-linguistic study. 
This will be the subject of Chapter 4. 
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Chapter 4 
The hypotheses and their relationship 
to other theories of reading and writing difficulties 
'Oh! Piglet, 'said Pooh excitedly, 
'we're going on an Expotition, all of 
us, with things to eat. To discover 
something. "To discover what? 'said 
Piglet anxiously. 'OIL' just 
something. "Nothing fierce? ' 
'Christopher Robin didn t say 
anything aboutfierce. He just said it 
had an dex Pp. P 
4-1 
Chapter 4- The hypotheses and their relationship to other theories of reading and writing difficulfies 
Contents 
4. The hypotheses and their relationship to other theories of reading and writing 
difficulties 
4.1 The hypotheses 4-4 
4.2 The five point model of reading and spelling difficulties 4-7 
-a framework for assessment 
Phonological processing 
Auditory system 
Visual system 
Speed of processing 
Lexical system 
4.3 Relationship to a model of intelligence 15 
4.4 Languages for assessment 17 
4-2 
Chapter 4- The hypotheses and their relationship to other theories of reading and writing difficulties 
Chapter 4 
The preceding chapters have illustrated a number of issues relevant to the assessment 
of dyslexic individuals. They indicated the diversity of cognitive processing 
differences that have been found in research and have highlit some of the research that 
has been carried out in languages other than English. The present chapter uses this 
information to provide a series of working hypotheses concerning the relationship 
between reading and writing difficulties, and the language of tuition. A framework for 
research is provided, based on the preceding chapters and the needs of the hypotheses, 
followed by an explanation of the type of cognitive measures that will be used to 
investigate the hypotheses. Finally, the hypotheses will be conceptualised in three 
models of cognitive processing previously mentioned in Chapter 3. 
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4.1 The hypotheses 
There are a number of hypotheses that will be tested within this research, which are set 
out below. 
1) Difficulties in reading and writing may be assessed within the following modular 
framework: 
phonological segmentation and assembly 
auditory system 
visual system 
speed of processing 
lexical system 
This framework may be used irrespective of language or script. 
2) The role of the underlying cognitive components in children with reading and 
writing difficulties will vary in accordance with the demands of the different 
orthographies and scripts. 
3) There are common cognitive deficits in children with reading and writing 
difficulties irrespective of language. 
4) Predictors of variation in literacy skills will vary between children with and children 
without literacy problems. 
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These hypotheses are explained in more detail over the following pages. 
Hypothesis 1: Difficulties in reading and writing may be assessed within the 
following modular framework: 
phonological segmentation and assembly 
auditory system 
visual system 
speed of processing 
lexical system 
This framework may be used irrespective of language or script. 
Research highlighted in preceding chapters suggests that reading and writing are 
complex processes which involve input, manipulation, storage processes and output 
systems, and that the importance of those various aspects will vary from language to 
language. Having considered the diversity of the underlying components, it appears to 
be possible to cluster the cognitive processes within a five point framework. The above 
framework was proposed as the basis for assessing literacy difficulties, particularly 
within a cross-linguistic study. 
Hypothesis 2: The role of the underlying cognitive components in children with 
reading and writing difficulties will vary in accordance with the demands of the 
different orthographies and scripts. 
Research into reading and writing difficulties in English has been extensively reported, 
and the importance of such factors as phonological awareness has been demonstrated. 
However, what research there is available with respect to other languages suggests that 
any investigation into the relationship between cognitive processing and literacy 
difficulties needs to evaluate as many areas as possible, since the role of phonological 
awareness, for example, may not be as important in some languages as it is in English. 
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Hypothesis 3: There are conunon cognitive deficits in children with reading and 
writing difficulties irrespective of language. 
The preceding chapters highlight the prevalence of various cognitive deficits as well as 
research that suggests some of those cognitive deficits may apply to more than one 
language. Although Hypothesis 2 suggests that the different cognitive deficits will 
manifest themselves in different ways within an individual's literacy skills depending 
upon the language, it is still none-the-less assumed that there are common factors. 
These include the role of phonological segmentation and assembly skills, and rapid 
naming. This research will investigate to what extent these cognitive processes, and 
deficits, are common to children with reading and writing difficulties in different 
languages. 
Hypothesis 4: Predictors of variation in literacy skills will vary between children 
with and children without literacy problems. 
Regression analysis provides us with the basis for prediction of the variation in literacy 
skills. Rather than assume that the children with both good and poor literacy skills 
have the same cognitive profile but at differing levels, this research will investigate the 
possibility that the two groups have differing predictors, which may in turn suggest 
alternative difficulties and that differing reading and spelling strategies are employed. 
Since Hypothesis 2 predicts differences between languages, it is assumed that the 
predictors for each group across languages will also vary. 
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4.2 The five point model of reading and spelling difficulties -a framework for 
assessment 
Analysis of research into reading and writing difficulties has led to the development of 
a model for the investigation of reading and writing difficulties that conceptualises the 
difficulties within five modules (see Smythe and Everatt, 2000). This model may be 
regarded as a working hypothesis that may be disproved by scientific investigation 
(Popper, 1959) and modified in accordance with results obtained. 
The current model, proposed in the first hypothesis, provides five key cognitive areas 
which may be used for the investigation of difficulties. These are: 
1) Phonological segmentation and assembly skills (Gp) 
2) Auditory system (Ga) 
3) Visual system (Gv) 
4) Speed of processing (Gs) 
5) Lexical system (GI) 
All of the research discussed in Chapters I and 2 relates to one or more of these areas. 
Of particular concern was the need to provide a mechanism whereby it would be 
possible to distinguish deficits in phonological manipulation skills in contrast to 
perception and storage abilities. Frequently the areas of phonological short term 
memory, that is the ability to hold and compare language based sounds in some form 
of storage, is often subsumed, along with the ability to manipulate sounds, under 
phonological awareness or a similar term (eg Torgeson and Wagner, 1987). However, 
research suggests that these two components will contribute variance within literacy 
skills independently, and therefore should be treated separately. Thus, while the 
"phonological segmentation and assembly skills" may be seen as manipulation of the 
units of sound, the "auditory system" may be regarded as processing of the whole 
sounds, and not small units. 
This framework offers not only an architecture that may provide a greater 
understanding of the difficulties of the individual with literacy skill deficits, but also to 
provide a framework for the development of a protocol for testing cognitive deficits 
underlying reading and writing difficulties in many languages. The Morton-Frith 
framework, as discussed in Chapter 2, provides a visual representation to demonstrate 
the inter-relationships between the cognitive processes and behavioural outcomes as 
measured in the testing procedure. 
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As represented in Figure 4.1, the five key cognitive modules - Gp, Ga, Gv, Gs, and GI 
- are located in the cognitive band. Environmental influences such as language, 
teaching methodology, intra-personal aspects (eg motivation, which may be influenced 
by the teaching and home environment among other factors), socio-economic 
influences and culture are to be found in the section referred to as "other factors". The 
behavioural. outcomes, that is the scores produced on the tests given to the individual, 
are indicated schematically, with the "Reading" and "Spelling" nominated and the 
others being shown representationally. 
FigUre 4.1: The Morton-Frith framework offers a visual representation of the inter- 
relationships between cognitive functioning and behavioural outcomes. 
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Phonological segmentation and assembly skills 
The phonological segmentation and assembly skills module is intended to highlight the 
ability to analyse and synthesise words, separately from storage and retrieval of 
sounds. 
Within this research, the phonological segmentation and assembly skills are evaluated 
by measuring the child's ability on rhyme and alliteration tasks. (See Figure 4.2) As 
well as frequently cited as being central to current theories of reading and spelling in 
the English language, there is considerable evidence for their importance in literacy 
development in many languages (see Chapter 3). 
Figure 4.2: Measure of phonological segmentation and assembly 
Other factors 
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Auditory system 
The auditory system refers to the perception, storage and comparison of sounds. 
Although many definitions of dyslexia explicitly rule out the possibility of the 
difficulties being caused by sensory deficits (eg Critchley and Critchley, 1978), several 
(eg BPS (1999) and the Health Council of the Netherlands (Gersons-Wolfensberger 
and Ruijssenaars, 1997)) suggest that the term could be used for all those who have 
difficulty in the acquisition of reading and writing skills irrespective of the cause. (See 
Chapter 1 for further discussions. ) Therefore it is important to consider not only 
auditory memory, but also the ability to differentiate between sounds, whatever the 
cause. 
The measures used in this research are auditory short term memory and a sound 
discrimination task which assesses the ability to distinguish between units of speech. 
The auditory memory tasks take several forms. Digit span is the traditional method of 
measuring language related auditory memory span, and has the potential to be held in 
memory with the aid of orthographic and semantic recoding. Use of a rhythm tapping 
task removes the language component. Further analysis is offered through the inclusion 
of word and non-word repetition tasks, which allow a comparison between lexical and 
non-lexical referenced information. (See Figure 43) 
Figure 4.3: Measure of the auditory system 
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Visual system 
The visual system refers to the perception and storage of visual stimuli. Although 
speech related research dominates the research into the acquisition of literacy skills, 
there is evidence that the visual system is also implicated in difficulties with 
acquisition, particularly in non-English languages (see Chapter 3). 
The tasks used in this analysis of the cognitive function of the visual system are visual 
perception (with hand-eye coordination), visual short term memory and visual 
sequential memory. These are similar in construction to those used in a number of 
published tests of reading and writing diff"iculties (eg Newton and Thomson, 1975; 
Nicolson and Fawcett, 1996; Kornev, 1996) which use visual tasks to assess 
competency in visuals tasks identified as important in literacy acquisition. Visual 
perception is analysed by asking the child to copy a shape that is always in view, as 
opposed to visual short term memory, where the target image is removed after five 
seconds. Visual sequential memory is concerned with the child's ability to reproduce a 
visual pattern in the correct order. (See Figure 4.4) 
Figure 4.4: Measure of the visual system U 
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Speed of processing 
Research has demonstrated (see Chapters 2 and 3) that rapid naming is an important 
indicator of literacy difficulties, and its prevalence as a predictor in different languages 
suggests that its inclusion in a cross-linguistic study is important. By inclusion of two 
measures of rapid naming, it is possible to compare and contrast individual results, and 
thereby, where appropriate, determine difference of access time due to item type, and 
acknowledge the influence of factors common to both, such as attention and 
articulation rate. 
For this research, two tasks are used - rapid naming of numbers and rapid naming of 
pictures. Difficulties with number naming has been shown to be an indicator of literacy 
difficulties in a number of languages (see Chapter 3), and since arabic numbers are 
universally used in all countries that form part of this research, including Hong Kong, 
this measure was chosen as an indicator of the speed of processing with particular 
reference to orthographic access. As with a number of tests that are designed to 
identify literacy difficulties (eg Nicolson and Fawcett, 1996; Frederickson et al, 1997), 
picture naming was also included, using line drawing of familiar, semantically 
distinguishable objects. 
Speed of reading single words was also included, as it offers an alternative measure of 
orthographic access to the numbers, and is more closely related, therefore, to the 
literacy skills. (See Figure 4.5) 
Fiaure 4.5: Measure of the speed of processing 0 
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Lexical system 
As discussed in Chapter 3, the lexical system has been implicated in a number of 
studies of literacy acquisition in languages around the world, which suggests that this 
is a significant area for investigation (eg Gathercole et al, 1997). There are three 
lexicons important to literacy development: the phonological, orthographic and 
semantic lexicons (Seidenberg et al, 1989). The ability to store and retrieve 
information from these lexicons may not only affect the acquisition of literacy skills, 
but may also be differently invoked by those with and without literacy difficulties. 
In this study, the assessment was restricted to a comparison of auditory short term 
memory, with and without possible lexical access. The test used word repetition with 
nouns that were spoken in sequence and had to be repeated. Since they all are known 
words, and the child would have a semantic representation for each word, there is the 
potential to use a semantically related strategy to improve apparent auditory memory 
skills. However, in non-word repetition no such meaning based representation is 
available. The difference between the two versions should provide an opportunity to 
evaluate the influence of the lexical system, at least within the context of this testing 
procedure. (See Figure 4.6) 
Figure 4.6: Measure of the lexical system 
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Sununary 
Each of the first four modules discussed may be considered as an innate cognitive 
process, while the fifth, the lexical system, may be viewed as acquired knowledge. 
These processes have been demonstrated to vary independently within the population 
(see previous chapters). The framework was developed in relation to models of 
cognitive functioning, such as the McGrew-Caffoll model, and to correspond with the 
more advanced sub-type hypotheses, such as that proposed by Fletcher et al (1995). 
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4.3 Relationship to models of intelligence 
Figure 4.7 illustrates the relationship between the cognitive modules of Stratum 2 of 
the McGrew Gf-Gc model of intelligence and the proposed cognitive processes 
important within reading and spelling as discussed in Chapter 2. The Gf-Gc modules 
are mapped out with the specific functioning that is relevant to the reading and writing 
process. The five components (plus fluid intelligence/reasoning Gf) of the proposed 
model are shown on the right, with the specific tests used given in the boxes. These are 
shown, as far as possible, in parallel to the Gf-Gc equivalents. However, in many 
instances it is felt that the test refers not just to one particular function within the Gf- 
Gc module. 
One of the biggest differences between the Gf-Gc model and the proposed model is 
that, in the former, the reading and writing abilities are not clearly mapped with our 
current understanding of the relationship between cognitive functioning and literacy 
skills. For example, reading speed, reading decoding, spelling ability and writing 
ability are all subsumed under one unitary function, Grw. Arguably, phonological 
segmentation and assembly skills may be equivalent to their proposed "phonetic 
coding", to be found under "Auditory intelligence/processing". However, there is no 
clarification as to how this differs from reading decoding and spelling ability listed 
under Gwr. Furthermore, the proposed model separates out the two components of 
short term memory (visual and auditory) which in the Gf-Gc model are subsumed 
under one title, contrary to our current understanding of these components (see for 
example Baddeley, 1986). Reference is made to "memory for sound patterns" which 
suggests a phonological lexicon. Unfortunately, McGrew has never provided further 
information as to what the terminology means in an assessment or testing context. 
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Figure 4.7: The five point model mapped to the McGrew model of intelligence. 
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4.4 Choosing the languages 
There are many ways to categorise languages, but for the purposes of this research, the 
decision was made to use English as a referent, and choose other languages to compare 
and contrast different scripts and language environments. 
Given resources available (human, financial and time), two principle, highly distinctive 
languages were chosen for the assessment purpose to add to the English cohort. These 
were Hungarian, a highly transparent language, and Chinese, a logographic (or 
morphophonemic) language. Further corroborative studies were also carried out in 
Portuguese (a moderately transparent, non-agglutinal language) and Welsh (a 
transparent, moderately agglutinal language). 
The Hungarian language is spoken by about 10 million people in Hungary and a 
further 2 million in Romania. The language is describe as part of the "Finno-Urgic 
group" (Katzner, 1997), and bears little resemblance to any European language. The 
language is highly regular, with an almost perfect phoneme-grapheme correspondence, 
suggesting that it would be important to distinguish between sounds in order to ensure 
correct spelling, but orthographic units larger than the phoneme may not be as 
important as in other, less transparent, languages. It is agglutinal in nature, which 
means that there are many suffixes and affixes, which creates multi-morpheme words, 
the exact spelling of which may modify depending upon the context. Short term 
memory, that is the store of a string of phonemes, may be important in the processing 
of this agglutinal language. However, this factor may only be important as the words 
become significantly longer, as experienced by children older than those who are 
included in this research. Explicit teaching of the morphemic structure is included in 
the Hungarian curriculum (Gyarmathy, submitted). 
The Chinese script is used by over one billion people to represent a large number of 
languages and dialects. The principal language of interest in this research is Cantonese, 
spoken in Hong Kong by 6 million people. (Putongua is the national language of 
China, and is also referred to as Mandarin. ) The script was originally a pictographic 
representation of the spoken word, but has been transformed into logographs which 
today are largely independent of meaning. In mainland China these have been 
simplified, but maintain their original form in Hong Kong. To facilitate self learning, a 
phonetic transcription (pinyin) was introduced into China. This would provide a 
relationship between the written (pinyin) form and the spoken Chinese, a factor that is 
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not normally present. Indeed, not only is there a lack of correspondence between the 
spoken form and the written form, but also there is inconsistency, such that the 
pronunciation of a character may be dependent upon the context. However, in Hong 
Kong the child starts to learn the Chinese logographs directly, and is not supported in 
Chinese literacy acquisition through the use of other scripts. Therefore Hong Kong 
provided an excellent place to study a script that is very different from the other two 
principal scripts, and in particular appears to have greater demands on visual 
processing than the other principal languages. 
Conclusions 
The framework developed provides a basis for choosing the cognitive assessment 
items that may be used within the testing of the hypotheses. The five modules provide 
a focus for the development of test procedure, with due respect to the languages in 
question, the hypotheses and the time available to test children, and a process whereby 
the hypotheses may be tested. 
4-18 
Chapter 5- Methods and pilot studies 
Chapter 5 
Methods 
and pilot studies 
It had HUNNY written on it, but, just 
to make sure, he took off the paper 
cover and looked at it, and it looked 
just like honey. 'But you never can 
tell, 'said Pooh. 7 remember my 
uncle saying once that he had seen 
cheese just this colour 'So he put his 
tongue in, and took a big lick. 'Yes it 
is. No doubt about that. ' 
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Chapter 5- Methods and pilot studies 
Having determined the framework for testing the hypotheses, the methodology behind 
the investigating of reading and writing difficulties in different orthographies requires 
development of tests to measure each of the cognitive processes as set out in Chapter 
4, and then conduct pilot studies to ensure that the procedure will not only produce the 
data suitable for analysis, but also that the testing is manageable in different contexts, 
is easy to administer, does not take too long for each data set, and will provide 
sufficient data given the constraint on resources (time, money and personnel). 
This section sets out the nature and application of the test, as well as details of the 
cohort selection. Modifications made as a result of several pilot studies are also given. 
Extensive pilot testing was carried out in a number of language environments prior to 
the main testing, from which conclusions are drawn. 
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5.1 Phases 
The test development procedure was carried out in several phases, including design, 
consultation and piloting. The following outlines these phases: 
Phase I Literature search 
Phase 2 Choosing the tests 
Phase 3 Design, modification and adapting the tests 
Phase 4 Preliminary trials 
Phase 5 Pilot studies 
The literature search was conducted across several languages and did not simply focus 
on the English literature. The final test protocol included tests from a Russian test for 
dyslexia (Kornev, 1996), one from a cognitive profile battery designed for testing 
Chinese children (Ho, 1996), and a modification of a Hungarian test (Gyarmathy, 
1995). Most of the other tests were familiar in the English dyslexia research field. 
Tests were derived from measures found in the literature and conformed to the 
principles of those tests. However, tests were constructed so as to avoid copyright 
issues. Tests were also redesigned to improve the usability of tests in the various 
contexts applied. 
Initial trials (prior to pilot studies) were carried out with monolingual and multilingual 
children in England, to ensure that administration was easy and that timing was within 
practical limits. It also provided an opportunity to ensure that the tests were 
appropriate to the age group concerned. As a result, further modifications were made. 
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5.2 Choosing the cohort 
In order to test the hypotheses, the dichotomous approach of matching children with 
and without spelling difficulties, was used. This provided an opportunity to test the 
hypotheses that suggest there are differences between the two cohorts on some tasks, 
and that the predictors of literacy skills may vary between those with good spelling 
and those with poor spelling. 
For the purposes of comparison, groups of children were selected based on the results 
of the group test scores. These groups comprised those with literacy difficulties, and 
those without. This was achieved using a two stage selection procedure. Stage I 
involved testing the whole class using the group test. From these results, children for 
individual testing could be chosen. A careful selection procedure was used to match 
good and poor spellers in terms of gender, age, class and a measure of reasoning 
ability - Raven's Matrices (Raven, 1976). This procedure ensured that developmental 
and environmental issues were minimised. Furthermore, by having both children of a 
matching pair coming from the same classroom, bias due to teaching methodology was 
minimised. The inclusion of Raven's Matrices ensured that differences between the 
pair were not due to global deficits. 
Inclusion of a brief questionnaire avoided the inclusion of children who may be failing 
academically due to reasons outside the testing procedure, such as past illness, 
emotional/behavioural difficulties and autism. 
Since the purpose of the research is to investigate the cognitive differences that lead to 
difficulties in reading and writing, the independent variable used must correspond to 
the demands of the hypothesis tested. Thus for this research, spelling was used as the 
principle criterion, with the matching pair being distinguished by high and low scores 
in spelling words (as opposed to non-words). This technique of matching was used in 
all countries. 
Some countries (eg Hong Kong) adopt a system whereby children can fail to reach 
grade-appropriate levels and therefore do not advanced to a higher class. These 
children were not included in this research to avoid developmental and possibly 
instructional matching difficulties. 
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5.3 Designing the tests 
The tests had to meet a number of specifications in order to be included. These were: 
a) they could be adapted and modified to different languages and scripts, including 
Chinese 
b) as far as possible commercial products or expensive equipment should be avoided 
c) the test should be paper-based; 
In order to test the children in their native language, the tests were designed to allow 
those who knew the local language to be recruited to perform the test with supervision. 
Therefore the tests had to be easy to administer. Furthermore, it was found that if the 
test was informative to class practice, then teachers were more willing to assist. 
Therefore extensive consultation was carried out not only with researchers, but also 
practitioners in different countries. 
All these criteria were fulfilled to a large extent, though not always in a manner that 
allows direct comparison between different language contexts. Thus, for example, due 
to the nature of the relationship between sound and script, non-word dictation 
(spelling) tasks could not be administered in the Chinese language. 
The tasks were made sufficiently simple for teachers to use. Instructions supplied also 
ensured that testers administered the tests in the manner intended: eg not giving 
additional help to those with difficulties. A video was produced for training purposes 
in Hong Kong. Templates were produced to accompany a simple scoring system which 
enabled raw scores to be faxed to England, ensuring that the cohorts were chosen in 
the same way in all countries. 
The principle constraints that helped decide on the format of the final testing procedure 
was the total time available to test children and the time permitted to withdraw a child 
from class. For this reason the testing was broken into two phases: group testing and 
individual testing. 
The group testing used to choose the cohorts included all those tests which could be 
administered in a group context. The time taken to administer this section was 50-60 
minutes. 
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Individual testing consisted of all those tests which required a one-to-one procedure, 
either to avoid interference from other children, or to be sure the correct results were 
recorded. The time taken to administer this section was between 40-60 minutes, 
depending upon the child's competency. Each test was preceded by verbal/visual 
instructions given to the child, together with one or more examples of the task 
required. 
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SA Pilot Studies 
Extensive trials of the test battery were carried out in England to assess usability, speed 
of administration and the potential to identify those with literacy difficulties. Further 
trials were held in the principal test areas, as well as several other contexts. These 
included: 
England - English (monolingual and bilingual) 
Hungary - Hungarian 
Hong Kong - Chinese 
Netherlands - Dutch 
Belgium - English 
Philippines - English test with bilingual children 
Russia - Russian 
These country and language environments reflected the diversity of languages and 
scripts that would be used in the final research. 
These trials provided valuable information on the design and assessment protocols, 
both through testing children, and listening to the criticisms of teachers. This led to a 
number of modifications to the original test battery. Examples included increasing the 
length of the rapid naming task to increase the time taken, replacing the visual 
sequential memory task which proved too difficult to administer reliably, and 
modifying the shape copying task to make it more informative. 
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S. 5 Group test design and scoring 
The group test included as many tests as possible which did not require one-to-one 
response, and where a written response was acceptable. Some background information 
that was gathered from children in the pilot studies (eg age in years and months) were 
removed from the final version of the tests as they were found to take too much time, 
and were unreliable. The school provided these data. Total time taken for group testing 
was 50-60 minutes. The tests used in the group test, and their relationship to the model 
discussed in Chapter 4, were as follows: 
Name 
Alphabet 
Shape copying 
Spelling (words) 
Spelling (non-words) 
Digit Span 
Raven's Matrices 
identifier 
used to verify letter formation in spelling 
visual system 
research parameter 
phonological skills 
auditory short term memory 
general intellectual ability 
Name 
The child's full name was written at the top as an identifier. This also provided the first 
insight into their writing ability, as this is frequently amongst the first words a child 
learns to write. 
Alphabet 
The child was asked to write out the alphabet in order. This test provided a moderator 
for the spelling test. Thus when a letter was poorly formed in the spelling task, rather 
than mark it as wrong, it was possible to verify the shape via their alphabet 'template'. 
A measure of alphabetic knowledge is used in several other tests, including the Bangor 
Dyslexia Test (Mles, 1983), the Aston Index (Newton and Thomson, 1976) and the 
Dyslexia Early Screening Test (DEST - Nicolson and Fawcett, 1996). This test is not 
applicable in the Chinese context. This was used by the teacher to assess alphabetic 
sequence knowledge. 
Shape copying 
This task involved copying four drawings and is similar to that used in several other 
tests for specific learning difficulties (eg DEST and Aston Index). The one devised was 
chosen to be easier to administer and score than the Goodenough Draw-a-man (used in 
the Aston Index) and other similar tasks. 
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In this task the child was presented with a shape shown within a box and asked to 
redraw the shape in another box 6 cms below the original. The target image was never 
removed or covered, and there was no time constraint. No ruler or other straight edge 
was permitted. This may be considered to be particularly affected by grapho-motor 
skills and visual perception, though other aspects come into play, including visual short 
term memory, visual discrimination, and attention. 
The original design used in the pilot studies was of a wire framed box. However, after 
due consultation, it was decided to replace this with an abstract geometric shape, thus 
removing the confounding condition of three-dimensional spatial awareness. Although 
four shapes were used, the first three, a square, circle and diamond were considered 
practice for the final form, an abstract figure. Scoring of this abstract form was based 
on a seven point scale derived from pilot work that ordered shapes produced by a 
group of children independent of the children in the rest of the research. 
Inter-rater reliability was assessed by two independent raters to order the shapes. Using 
the test drawings from all 75 children from a single year (Year 3) in one of the English 
testing schools an inter-rater correlation of 0.82 between the raters was found. The 
ordering led to seven-point scoring system being devised, with five drawings chosen to 
be included in the marking template as representative for each of the seven levels. 
Since the intention is to show differences between groups within a language, and not to 
suggest that one language group may perform better than another, the possibility that 
the Chinese children may perform better on this task, due to the nature of their script in 
which it is important to pay attention to fine visual detail, was considered not to be 
relevant in this study. 
Spelling/Dktation 
This test provided the principal measure used to distinguish between the two groups. 
(NB spelling is appropriate for alphabetic scripts, but 'dictation' is the correct term for 
the Chinese script. For ease of presentation, the term spelling will be used in most 
cases to convey the idea of both spelling and dictation. ) 
Standard spelling tests were used for English, Chinese and Welsh, but were created for 
Hungarian and Brazilian Portuguese since no suitable materials existed. In most cases 
the spelling task was performed by the classroom teacher to ensure that an accent 
known to the child was used. 
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The procedure was to provide a series of words of increasing difficulty to the children. 
For each word, the procedure consisted of saying the word, then saying it in a 
contextual sentence, and finally repeating the single word at the end. This procedure, 
though a standard testing procedure in England, was new in Hungary. The method 
ensured there was no ambiguity in the word in question, and that the last sound the 
child heard was the word they were to spell, thereby minimising memory difficulties. 
Scoring was based on the total number of correct spellings with due reference to the 
alphabet templates. 
Non-word spelling 
The words used in the above spelling test were interleaved with non-words. In order to 
maintain consistency, the non-words were also provided with contextual sentences, 
ensuring that no confusing words could be substituted, ie avoiding sound 
discrimination errors. The children were told prior to the test that there may be some 
words they were not familiar with. This method ensured that the non-word spellings 
were made under the same conditions, and were treated with equal gravity as the word 
spelling. 
Non-words were chosen to be of several different types, with increasing complexity, 
with due respect to the language environment. For example, in English these included 
simple CVC words (cug) and multisyllabic words (trabnag), to difficult vowel digraphs 
(moid or moyd) and consonant blends (driggle) where several answers were permitted 
(drigle, drigel or drigal). However, the nature of the script did not allow these 
combinations in all countries. Teachers were provided with a word that rhymed with 
all the non-words, in order to provide a pronunciation guide. 
Digit span 
This test was used as a measure of auditory short term memory, consistent with its use 
in, for example, the Wechsler Intelligence Scale for Children (Wechsler, 1992), Aston 
Index and DEST. The digit span test was carried out via auditory presentation and 
written response, suited to the group task. Each child was required to put their pencil 
on the table whilst the numbers were presented verbally by the tester. At the end a nod 
was given to indicate the list was complete, and that the child may pick up their pencil 
and start writing. This method avoided auditory interference that may occur if the 
instruction to start writing was spoken. The task was in the form of numbers presented 
as sequences, with two presentations of each number of digits; ie, there were two tasks 
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with four digits, two of five digits, etc up to a maximum of eight digits. Children were 
instructed to write down the numbers heard in the order presented. Two measures were 
coded: the number of lines reported correctly and the maximum number of digits the 
child could report. 
Raven's Matrices 
The Raven's Matrices was used to provide an evaluation of general reasoning 
ability/intelligence, consistent with its use with respect to specific learning difficulties 
(eg Ho, 1996; Gyarmathy, 1995). The Raven's task involves the presentation of a 
visual stimulus or pattem, and the child has to deduce the missing element. This may 
vary from a simple pattem, or may have to be deduced from complex shapes. Coloured 
Progressive Matrices, sets A, Ab and B were used to test all children except in Hong 
Kong, where pilot studies using abbreviated versions suggested that ceiling effects may 
be present. Therefore Raven's Advance Progressive Matrices (Raven, 1962) were used. 
Since no direct comparisons between countries of results in any one common test were 
intended, this did not affect the test results. Each child was provided with their own 
copy of the test items and was required to produce the answers on a separate sheet. No 
time constraint was imposed with children being allowed not only to complete the full 
task, but also to check their answers. Raw scores, rather than nonns, were used, for the 
purposes of determining the cohort. 
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5.6 Individual test design and scoring 
Below is the list of components of the individual tests and their relationship to the 
model outlines in Chapter 4. Specific details of the tests, and of the modifications 
made for each country, are given. For clarity, the following is written in reference to 
the English version. 
Single word reading Research parameter 
Non-word reading Research parameter 
Alliteration test Phonological 
Rhyme test Phonological 
Rhythm tapping Auditory 
Sound discrimination Auditory 
Reverse digit span Auditory 
Word repetition test Auditory Lexical 
Non-word repetition test Auditory Lexical 
Shape drawing from memory Visual 
Shape sequence Visual 
Object naming Speed 
Number naming Speed 
Motor skills Other 
Counting backwards Other 
Personal information Other 
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Single word reading 
Standard tests were used for English (Schonell and Goodacre, 1974) and Chinese 
(Hong Kong Education Department, 1984). Other countries did not have single word 
reading tests, and hence tests were constructed and trialled in collaboration with 
linguists and psychologists in each context. Following pilot studies, the word order 
was graded to reflect order of difficulty. No floor or ceiling effects were found when 
used with this age group. 
Children were asked to read each word out loud. No time constraints were imposed. 
Each word in the graded reading test was marked as either right or wrong. Scores for 
the test were based on the number of words read correctly. The total number of words 
correct in one minute was also assessed. This provided an indication of both word 
accuracy and fluency, and was particularly vital for assessments in transparent scripts 
where, given enough time, the child would be able to read any word. Words increased 
in difficulty as the child progressed through the list. In order that undue stress was not 
produced, testing was stopped when the child made ten successive errors. 
Non-word reading 
The non-word reading task has been considered as one of the best ways to investigate 
to what extent a child has acquired the alphabetic literacy principle (eg Rack et al, 
1992), and is used in a number of more recent tests of specific learning difficulties (eg 
PhAB). Non-words offer a challenge to the child as they offer orthographically legal 
constructions, but in a new combination, and therefore cannot be accessed as a whole 
from the orthographic lexicon. 
The non-words chosen could be read using orthographic analogy principles, either 
through simple phoneme-grapheme correspondence rules (eg 'gat'), or by orthographic 
analogy (eg 'narge', similar to 'large'). Combinations not encountered in a language 
(eg consonant clusters such as 'qn' in English, or using a semantic radical in an illegal 
position in Chinese) were not used. 
The two principal ways of forming a non-word are by substitution and combination. 
Substitution takes a normal word and changes one or more letters. More complex 
words can be formed by using syllables in new combinations. Thus 'clabnag'is an 
unfamiliar word, but uses standard letter combinations. Some latitude in pronunciation 
should be offered, provided it conforms to standard rules of pronunciation. However, 
responses such as 'rope' for 'rop' are not acceptable. This task may be considered one 
of the most important tasks in the phonological segmentation and assembly module. 
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Ten non-words were given to the child, who was asked to attempt all. A raw score was 
recorded as the number of non-words read correctly. No time constraints were 
imposed. However, in Hungarian, the time taken was also recorded, since in the 
transparent script it was believed that most words should be readable. 
Alfiteration test 
This test, also used in a variety of measures of phonological skills (eg PhAB), assessed 
the child's ability to distinguish the first phoneme of a word. The task was restricted to 
ten items, necessarily short due to time constraints. The first five words were of simple 
construction (eg in English the first f ive words starting with a consonant and a vowel 
CV-). The second five were more complex, reflecting language structure. (Eg in 
English the digraph is used. However, some languages do not allow digraphs, eg 
Chinese. ) 
The three test items are read to the child, who is asked to state the word with the 
different initial sound from the other two. The three words format (similar to PhAB) 
was used in preference to the longer four word version, as used by Bradley and Bryant 
(1983). The three word approach placed greater emphasis on breaking words down 
without the memory overload of the longer version. 
Scores were based on the number of items correct, with half marks being awarded 
where items had to be repeated. 
Rhyme test 
This rhyme task has been identified by many (see Chapter 2) as important in the 
assessment of literacy skills in many languages, and is used in research (eg Bradley 
and Bryant, 1983) and assessment tools (eg PhAB) in several forms, to see if the child 
can distinguish the last part of the word, ie the part from the last vowel onwards, 
usually referred to as the rime. 
There were 20 test items comprising three words, two of which rhymed. These varied 
in similarity, from sets which included one word with a number of different sounds in 
the rime unit (fuss - filt - wilt) to more subtle (tone - home - phone) sets where only 
one sound in the rime unit distinguished the odd-one-out. Instructions were designed to 
ensure that children would not simply choose one position (say the last) and repeatedly 
offer that as the answer. 
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Scoring of the rhyme test was one point for each correct answer, with half marks given 
for repetitions (as in the alliteration task). 
Word repetition test 
This measure was designed to assess the individual's auditory short term memory 
skills. By using words, as opposed to non-words, the child has an opportunity to access 
the semantic lexicon, and therefore possibly remember a longer word string by using 
semantic encoding. Words were simple, well known nouns that had a concrete 
meaning for the children. That is, each child should be able to form a clear mental 
image of the object in their minds. In English, the words are monosyllabic, except the 
word lion in the final line. However, some languages (eg Portuguese) do not allow 
this, and bisyllabic words were necessary. Furthermore, for clarity, two character (bi- 
syllabic) words were used in Chinese. 
To avoid sound interference and masking errors, at the end of each sequence a nod was 
used to indicate completion and that a response was required. The task was scored 
simply by noting if each sequence was repeated correctly in order. As with digit span, 
there were two trials for each sequence length, increasing from two words to five. The 
maximum score was eight. 
Non-word repetition test 
This task was similar to the word repetition task, but negated the use of recoding as a 
result of semantic access. Sequences were formed in the same way as for the word 
repetition task. The number of syllables in each sequence of non-words corresponded 
to the analogous sequence of words in the word repetition task. The first "list" for 
repetition consisted of only one word. The task was scored by noting if each sequence 
was repeated correctly in order, with the maximum score being eight. 
Rhythm tapping 
The rhythm tapping task has appeared in a number of screening procedures for 
dyslexia, either as a tapping or clapping task (eg Kornev, 1996; DEST, Pickering, 
1996). The version administrated here was the tapping form used in a Russian dyslexia 
screening task (Kornev, 1996). It involves one hand being used to tap an instrument 
(eg a pencil) on the desk, and therefore does not involve the two hand coordination 
requirements of the clapping task. Each tapping task was either scored as correct or 
incorrect, and comprised a rhythm tapped out by the tester being repeated by the 
tested. Scores were out of a maximum of 12. 
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Object naming 
This task was similar to that used in other tests (eg PhAB and DEST). It comprised 
four line drawings of familiar objects (house, elephant, ball, clock), randomly 
distributed on a page. The pictures were chosen to be culturally known and acceptable 
within the testing areas. In some tests (eg PhAB), monosyllabic words were used. 
However, for the purposes of this study, the same images were used in every country, 
even though this led to differences in word length. Although this negated the direct 
comparison of raw times across countries, the specific aim was to compare children 
within language context; ie, English with English, Chinese with Chinese. Of more 
importance was the requirement to select familiar and appropriate representations to 
avoid the potential confounding effects of these factors within language cohorts. 
Familiarity of the names was confirmed prior to testing. 
The task required the child to name the objects in order as quickly as possible. Scoring 
was based on the time taken, rounded to the nearest second, from the first item to the 
last. Corrected errors were not penalised, but in the unusual instance of an uncorrected 
error, an extra 2 seconds was added to the time. There were 40 items on the page, with 
ten repetitions of each image. 
Number n=dng 
This task has been demonstrated (eg by Denckla, 1972; Wolf 2001) to be an important 
instrument in the diagnosis of specific learning difficulties. In the present study, it 
consisted of a string of numbers that the child had to name as quickly as possible. The 
nine numbers (Vis avoided) were presented six times in a pseudo-randomly (avoiding 
any chance repetition) ordered line. The child was timed to see how long it took them 
to name all the numbers. 
As in the picture naming task, familiarity with the names of each digit was confirmed 
prior to testing. The raw score of the time taken, rounded to the nearest second was 
used. Self corrected errors were not penalised. However, an extra one second was 
added for each uncorrected error. This time is less than the 'penalty' used in the Object 
naming task, and was chosen to reflect the relative time taken for the test, and the time 
to self-correct; this rationale is similar to that used in other test procedures (eg PhAB 
and DEST). 
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Shape drawing from memory 
This task offers a measure of visual short term memory that may be considered to be 
analogous to literacy tasks such as copying from a board in the classroom. The child 
was told that they would be shown a card with a shape on it. They were asked to study 
this shape for five seconds and then, when the shape is taken away, to draw it from 
memory. The task has five items of which only the fifth was assessed for present 
purposes. As in the copying task, a series of templates was derived with which to score 
the drawings produced. Scores were out of a maximum of ten. 
Shape sequence 
This task was designed to assess the child's visual sequential memory, and in principle 
is similar to that used in the Aston Index. However, the Aston Index uses line drawings 
which have semantic representations, such as mouse and church, and therefore could 
be remembered as a word string. Items for this task were specially prepared to 
minimise the possibility of phonological recoding. These images were presented to the 
child on cards, starting with two cards, and having a maximum of five cards. Each 
sequence was presented with a one second gap between each card. The child was then 
provided with a second set of identical cards five seconds after the last of the test cards 
was shown. The new set of cards was presented altogether on the table but in a 
different order to the previously presented sequence, and with some cards rotated 180 
degrees. The child was asked to put the cards in the same sequence and rotation as that 
previously presented. Thus they have two aspects to consider. The first trial is a 
practice, where the need to consider not just the order, but also orientation of cards is 
emphasised. Results were recorded in terms of: 
1) Total number of lines in sequence, irrespective of rotational errors 
2) Maximum length of a correct line 
3) Number of rotational errors in lines of correct sequence 
4) Total number of rotational error in all the trials 
The number of times when there were no errors (sequence or orientation) was not 
recorded since they occurred infrequently. 
Motor skRIs 
This test was derived from a Russian dyslexia screening test (Kornev, 1995). The task 
involved reproducing hand and arm movements, firstly with the administrator, then 
alone, and finally in the test mode, with the eyes closed. A simple 4-point subjective 
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scoring system was used, of 0-3 for each hand, with 0 being recorded for not 
attempting the task, and 3 for doing it very well. The main purpose of including this 
task was to ensure that any differences noted in tasks that required motor skills, such 
as shape copying, would not be due to motor difficulties. 
Sound discrimination 
The purpose of this task was to evaluate the child's ability to discriminate between two 
words that should be familiar to them. Similar tests may be found in other measures of 
specific learning difficulties (eg Aston Index and DEST). 
Each test item consisted of two words, which the child indicated as same or different. 
In each version there were 15 items where the two words were different, and 5 where 
the two words were the same. The fifteen different words had changing sounds at the 
beginning, middle and end of the word. Changes in digraphs and letter order were also 
used. In Chinese, tone was also used as part of the discrimination task. The child was 
scored on the number of items correct out of 20. 
Reverse digit span 
The reverse digit span test assessed the manipulative capabilities of the child, over and 
above their auditory short term memory capability. Such tasks have been used to 
measure working memory (eg Bangor Dyslexia Test). The task started with two digits 
and increased to a maximum of five digits. The child was required to repeat the digits 
verbally presented to them in reverse order. The score was the total number of lines 
correct, and the number of digits in the longest correct line. 
Personal information 
This was a questionnaire to ensure that there were no other factors present that should 
be taken account of in the interpretation of the test results that were outside the range 
of the testing procedure. Questions included a brief investigation into past health 
problems, and lateralisation. The child was asked the questions, and the results, and 
further information, was then discussed with the class teacher and if appropriate, with 
the parents. 
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5.7 Translating the test 
In order for the tests to be used in different contexts, certain modifications had to be 
made to allow it to confirm to the linguistic and cultural requirements of the country in 
question. Some tests did not require modifications, whilst others did. The tests may be 
classified into three types: 
a) Those that needed no translation (eg rhythm tapping and visual tasks) 
b) Those that needed no translation, but local words needed to be used in the test 
which may in turn have affected the test (eg digit span, due to the different 
length of digit sounds in each language). 
c) Those that needed specific translation and modification (eg spelling, reading, 
rhyme and alliteration tasks). 
Some tests had to undergo minor modifications in order to offer a more "international" 
model. Below are details of the modifications required to tests in the test battery. All 
instructions were translated and modified to the local conditions. Unless indicated 
otherwise, all items were used in all the testing areas. 
Alphabet: This is not appropriate in Chinese. 
Spelling word and non-word test, single word reading, alliteration and rhyme 
tests: A local version was produced in all instances, where possible using material 
already available. Since this was phoneme based and not letter based, alliteration and 
rhyme tasks were possible in non-alphabetic languages such as Chinese. However, due 
to the nature of the script it was not possible to construct a Chinese non-word dictation 
task. 
Non-word reading: Advice was given on how to construct appropriate non-words 
suitable to the language enviromnent. In Chinese, the "non-word" is constructed by 
using two known characters in the "legal" position, but in a novel combination. 
Word and non-word repetition tasks: Local language version required using simple, 
well known nouns that had a concrete meaning to the children. Direct translation was 
not possible as it may have resulted in long, complex words, and provided greater 
difficulty than the test required. Non-words were constructed as in the reading and 
spelling tasks. 
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Sound discruirdination: This task was modified in accordance with local needs. Thus 
in Chinese, tone was also included as a variable in this task. 
No translation (other than administration instructions and possible direct word 
translation, such as with the numbers) was required on the following tests. 
Shape copying 
Shape drawing from memory 
Shape sequence 
Object naming 
Number naming 
Forward digit span 
Reverse dhzit span 
Rhythm tapping 
Raven's Matrices 
Motor skills 
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Chapter 6 
Data analysis 
procedures 
'How will we do it? 'and Pooh said, 
'That ý just it. How? 'And then they 
sat down together to think it out. 
Poohýfirst idea was that they 
should dig a Very Deep Pit, and the 
the Heffalump would come along and 
fall in the Pit, and - 
'Why? 'said Piglet 
'Why what? 'said Pooh 
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Overview 
Chapter 6- Data analysis methodology 
This research is intended to compare and contrast the difficulties of the poor speller 
and reader in diverse language contexts. The data collection includes a range of tests 
that have been used to evaluate the differences, and the following sections highlight 
the results, set out country by country. However, there is no attempt to make 
comparisons between countries at this stage, a process that will be left for later 
chapters. The purpose of this chapter is to provide the framework for the common 
approach adopted for analysis of the data, and this approach is common to all 
languages. 
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6.1 Categories of data 
The analyses for this current research may be broken down into the following 
categories: 
data summaries 
matching the cohorts 
Wests 
regression analysis 
correlations 
Data collection 
Details of how the data was collected, including type of school, where, and the 
numbers tested in both the group and individual tests will be provided. A brief 
discussion of the modifications to the test protocol to ensure that it complied with local 
requirements will be included with the full test in the appropriate appendix. 
Matching the cohorts 
In each case it was important to ensure the rigorous matching criteria were adhered to, 
and this is the subject of the first data table in each chapter. 
Group differences 
AnalYsis of group differences, that is noting the cognitive differences between the 
good and poor spellers, was carried out using Wests. These are reported in each case, 
set against the framework of five 'modules' as discussed in Chapter 4, and set out 
below: 
Phonological segmentation and assembly skills 
Auditory system 
Visual system 
Lexical system 
Speed of processing 
The t-test helps to isolate differences that occur across the group and may be seen as 
'characteristics' of that group, but do not suggest that all those with the difficulty with 
that item have a spelling and/or reading difficulty. Nor does it suggest that all those 
with spelling or reading difficulties will have that deficit. 
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Regression analysis 
The purpose of this research was to compare and contrast the cognitive processing of 
the two groups (good and poor spellers and readers). In order to evaluate this, 
regression analysis was used to determine the relationship between the cognitive 
processes measured, and the specific abilities and deficits. Regression analysis offers a 
statistical interpretation of how the different factors contribute to the overall result, and 
therefore provided the principal tool for noting the evidence of not only difference 
between groups in any given language, but also difference between languages. 
The methodology involved the use of stepwise regression, investigating the good and 
poor spellers separately, thereby offering an insight into cognitive processing 
differences. 
Correlations 
For final confirmatory analysis, correlations were used. This allowed further 
interpretation of the results obtained in the Wests and regression analysis. Again the 
correlations were carried out separately for the two cohorts. Whilst all significant 
correlations are noted in the analysis, those demonstrating correlational differences 
between the groups are given greater significance within this study. 
In all of these analyses the principal consideration is the relationship of the 
components to both reading and spelling. For this reason, each analysis has two 
components, one which includes reading of words and of non-words, whilst the other 
is concerned with the correlation with spelling of words and non-words. 
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6.2 Analyses and coding 
The following provides the list of items that are included in each of the following data 
analysis sections, as well as the abbreviations used in the tables. 
Spelling words S)WD 
Spelling non-words SNW 
Reading words - total number of words read correctly RDT 
Reading words - number of words read correctly in one minute RDM 
Reading non-words RNW 
Raven's Matrices RAV 
Phonological segmentation and assembly skills correlations 
The tests used in this correlation analysis were as follows: 
Alliteration ALLIT 
Rhyme RIME 
Auditory system correlations 
The tests used in this correlation analysis were as follows: 
Word repetition WREP 
Non-word repetition NWREP 
Rhythm tapping RTAP 
Digit span (forward) 
max digit sequence correct DSMD 
total lines correct DSML 
Digit span (reverse) 
max digit sequence correct RDSMD 
total lines correct RDSTL 
Sound discrimination SD 
Visual system correlations 
Shape copying SHAPE 
Shape from memory SFM 
Visualsequence 
Total lines correct SQL 
Max sequence length correct SQM 
Rotation errors in correct lines SQR 
Total rotational errors in all lines SQRT 
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Speed of processing correlations 
Object naming RNP 
Number naming RNN 
Reading speed (where appropriate) RDM 
Lexical system correlations 
Word repetition WREP 
Non-word repetition NWREP 
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Chapter 7 
English Data 
These notices had been written by 
Christopher Robin, who was the only 
one in the forest who could spell; for 
Owl, wise though he was in many 
ways, able to read and write and 
spell his name WOL, yet somehow 
went all to pieces over delicate 
words like MEASLES and 
BUTTERED TOAST 
7-1 
Chapter 7- English data 
Contents 
7. English data chapter 
7.1 Introduction 7-3 
7.2 Study One 7-4 
73 Study Two 7-9 
7.4 The cohort 7-9 
7.5 Summary of selection confirmation data 7-11 
7.6 Comparison of discrepant and control groups 7-12 
7.7 Correlation data 
7.8 Regression analysis 
7-16 
7-27 
7-2 
Chapter 7- English data 
Chapter 7 English monolingual data 
7.1 Introduction 
The English study was divided into two parts: 
Study One -a study designed to assess the basis of the framework as hypothesised in 
Chapter 4, and compare and contrast the results with a known validation test, namely 
the subtests of the Wechsler Intelligence Scale for Children (WISC). 
Study Two - production of the English data set for the cross-linguistic comparison. 
These two studies were conducted on independent groups. 
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7.1 Study One 
This study was designed to demonstrate the relationshp between the test items and 
previously validated test materials (WISC). A full battery of tests, including those used 
in the cross-linguistic study, sub-tests of WISC and other items chosen as part of the 
validation process, were administered to 120 children. All of the cohort were analysed 
as a single data set. 
Method 
Children were selected from three schools in the South East of England (two state run 
schools, one privately funded). All children from year 3 classes were tested with the 
exception of those for whom parental approval could not be obtained, those who were 
absent on days of testing, those who had missed long periods of schooling and those 
who had English as a second language. The average age of the children was 8.2 years 
(standard deviation of OA years). 
The children were given a group test as describe in Chapter 5, followed by an - 
individual test. This second part consisted of those measures reported in chapter 5, 
together with eight sub-tests from the Wechsler Intelligence Scale for Children III 
(Wechsler, 1992). These were chosen to cover the range of factors measured by the 
WISC which allow comparison with those underlying the developed test battery. 
Hence, sub-tests of Similarities, Information, Arithmetic and Vocabulary were chosen 
to assess the verbal factor. Block Design and Picture Completion assessed the 
nonverbal, visual-based factor. Coding was included to assess the speed of processing 
factor and Digit Span (Forward and Reverse) assessed the Working Memory factor. 
The WISC sub-tests always followed completion of the developed individual 
measures, usually on a different day. Procedures for administration and coding of the 
WISC followed manual instructions. Raw scores were used in the analyses, allowing 
forward and reverse digit spans to be compared with the developed forward and 
reverse digit span measures. Due to the use of raw scores, age was also included in 
subsequent analysis. 
Results 
The data obtained were subjected to a Factor Analysis using Principal Components 
extraction and Oblimin rotation (with Kaiser Normalisation) procedures. The rotation 
method was chosen because of probable interrelationships between the factors 
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underlying the series of tests administered. The factor solution derived was based on 
ten factors, each with Eigenvalues greater than I (visual inspection of a Scree 
plot was consistent with this number of factors). This ten factor solution explained 
74% of the variability within the data. Interrelationships between the derived factors 
were small with none greater than 03 and only one greater than 0.25. This latter 
correlation (0.28) was between the visual factor (Factor 7) and the motor sequence 
factor (Factor 10), suggesting that there may be an underlying visual-motor element 
common to both these factors. 
Table 7.1 shows the results of the factor analysis, with test items grouped according to 
the loading factor. This demonstrates that the tests map onto a series of factors that 
appear to confirm the underlying hypothesised modules. 
The analysis also included two tasks that provided further information about 
underlying difficulties which may affect apparent literacy skills. These tasks were 
counting backwards and motor sequence. The former involves repeatedly subtracting 
three from 100 (ie 97,94,91 etc) and invokes working memory, while the second, 
repetition of a simple hand and arm motor sequence, may be considered to be a 
measure of kinaesmotor skills which may augment other skills utilised to remember 
letter combination in spelling (Henderson, 2000). These suggest that there may be 
further modules that may require consideration. 
Three literacy items (spelling, reading and non-word reading all loaded onto a single 
factor (Factor 1). Although the other principal literacy measure, non-word spelling, 
also loaded onto Factor 1, it loaded most strongly onto another factor (Factor 6). The 
occurence of these two items in a single factor may be accounted for by the 
commonality of the underlying tasks. In this case the digit span was verbal delivery 
and written response. This, in principle, is the same as a non-word spelling task, where 
the task may be conceptualised as the delivery of a string of phonemes, analogous to 
numbers in digit span, and then a written response. 
Factor 2 includes both reverse digit span tasks (WISC and that devised for the study) 
and the WISC digit span (with verbal response). It is suggested that the common 
element in this is the working memory in an auditory mode. 
Factor 3 contains four WISC items (Similarities, Information, Arithmetic and 
Vocabulary) which are referred to as Verbal Intelligence components of the test. This 
factor is the one most related to the age of the child. 
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Table 7.1 Factor analysis of English cognitive profiles and WISC scores 
F1 F2 F3 F4 F5 F6 F7 F8 F9 FlO 
CP Spelling . 75 
CP Word reading . 74 
CP Nonword reading . 85 1 1 11 1 
CP Reverse digit span . 50 
W Digit span (AR) . 88 
W Digit span rev . 80 
W Similarities . 63 
W Information . 82 
W Arithmatic A2 
W Vocabulary . 77 1 1 1 
CP Word rep . 84 
CP Nonword rep . 57 
CP Rhythm tapping . 46 
CP Object naming . 81 
CP Digit naming . 69 
W Coding . 64 
CP Non-word spell . 45 . 70 
CP Digit span (WR) . 78 
CP Shape drawing . 47 
CP Shape copy . 56 
CP Ravcn's Matrices . 74 
W Block design . 73 
W Picture completition . 52 
CP Visual sequence . 92 
CPAIliteration . 79 
CP Rhyme . 56 
CP Motor sequence . 88 
CP Counting back 
AGE . 63 
All loading factors above . 40 are recorded in Table 7.1 
WISC measure are shown in bold. 
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Factor 4 contains word and non-word repetition as well as rhythm tapping. This 
appears to be an auditory memory task, both with and without some form of lexical 
access. The segregation of these tasks from other tasks that appear to have an auditory 
short term memory component appears to confirm that these factors may be related to 
very different underlying abilities, namely Factor 2 is mostly concerned with the 
working memory, Factor 6 is about writing phoneme sequences, whilst Factor 4 is a 
measure of auditory short term memory. 
Object and number naming, as well as coding are all timed tasks, and this may account 
for them all loading onto one factor, Factor 5. 
Those items loading onto Factor 7 (shape drawing, shapy copying, Raven's Matrices 
from the test material, and block design and picture completion from WISC) all appear 
to have strong visual elements, suggesting this ability is the major contributor to these 
items. Of particular note is that the visual sequence task loads onto a separate factor 
(Factor 8), suggesting that skills in that task are very different from those of the other 
visual skills. 
Alliteration and rhyme both appear on Factor 9. Since both of these are concerned with 
the ability to segment the phonological representation of words, this suggests that this 
factor is representative of the Phonological Segmentation and Assembly component of 
the framework. 
Motor skills, included to understand the role they may play in some of the other tasks 
(eg rhythm tapping) was the principal component of Factor 10. The fact that counting 
backwards also appears on the same factor may be accounted for by elements of 
memory needed to recall the sequence for motor skills, and that some children used a 
motor skill (finger counting) to supplement their memory skills in the counting 
backwards task. 
Given that Factor 10 is related to Factor 7, and it is difficult to determine what is the 
common factor identified within the tasks that are reported in Factor 10, counting 
backwards and motor skills were not included in subsequent studies. 
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Sununary of Study One 
From the above observations, it is hypothesised that the factors identified here may be 
considered as follows: 
F1 Literacy attainment level 
F2 Working memory 
F3 Verbal knowledge 
F4 Auditory short term memory (Ga) 
F5 Speed of processing (Gs) 
F6 Auditory short term memory with written output (Ga) 
F7 Visual tasks (Gv) 
F8 Visual sequential memory (Gv) 
F9 Phonological segmentation skills (Gp) 
NO Miscellaneous 
The analysis provides a clear indication of the relationship between tests, and some 
validity for suggesting the proposed five modules. However, it also indicates the 
influence of the nature of the task. 
Although the results gave no indication of a lexical factor, this does not mean it does 
not exist, but simply that in this analysis the factor was not found. 
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7.3 Study Two 
A set of tests was devised for the English language data production in line with that 
laid out in chapter 5. Whilst most tests were produced specially for this research, 
several, as listed below, used standard tests. 
Spelling test - Young's parallel spelling test was used to measure spelling capabilities 
of individuals in a class context. 
Reading test - the Schonell single word reading test was used. Since older children 
were not being tested the concern that some of the words used with older children are 
outdated did not arise. 
Sequences - for this task days of the week and months of the year were used. 
7.4 Cohort 
Pilot studies for the English testing was carried out in three schools in separate areas of 
southern England. Following modifications that were made to the procedure and the 
content, a further two schools were selected for the main testing: one in south London 
and the other in North Kent. The south London School was located in Brixton. 
Although this was a multicultural area, none of the children involved in testing was 
bilingual. The children tested represented all three classes in Year 3 at the school over 
two successive years (ie six classes of Year 3 children). The second school, in North 
Kent, had five classes in each year and was also a predominantly monolingual school. 
Testing was performed on all five classes that comprised Year 3. 
A total of 275 children were tested in the group testing, of which a further 56 were 
selected for individual testing. Each of these children, their teachers and their parents 
were asked questions regarding their background to eliminate potential confounds due 
to lack of opportunity, socio-econornic deprivation and language environment. 
Careful consideration was given to the matching procedure, with each child with a 
spelling deficit being matched in terms of age, gender, classroom (ie, teaching 
environment) and Raven's score with an average/good speller peer. 
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This procedure led to 26 children with spelling deficits (the discrepant group) and 26 
matched children with good spelling ability (the control group) being assessed on all 
measures in the test battery. The numbers of males to females was the same in both 
groups. 
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7.5 Summary of selection confirmation data 
Table 7.2 presents the results of analyses used to confirm appropriate selection and 
categorisation procedures. On average the age of the discrepant group was 7.86 
(sd = 0.343) compared to 7.83 (sd = 0.350) for controls. This gave West results of 
t= 0322 and p= . 749 (df=50). Results for Raven's gave mean values of 26.88 
(sd = 7.022) for the discrepant group and 26.62 (sd = 7.553) for controls. T-test values 
were t=0.133 and p=0.859 (df=50). 
The criterion used to distinguish between the two was spelling words. The mean value 
for the discrepant group was 7.92 (sd=4.647) and 19.54 (sd--6.426) for the controls. A 
West produced a t-value of -7.468, significant at p< 0.001 (df=50). 
These results shown here highlight those values used to determine discrepant and 
control groups from the whole class cohort. Further comparisons of the groups reveal 
that the discrepant group was also significantly different from the control group at the 
p<0.001 level for reading score (total words correct) consistent with the former 
presenting worse literacy skills than the controls. 
Both non-word reading and spelling are significant at p< 0.001. 
Table 7.2: Test summary score sheet for matched cohort 
Descrepant Controls West 
Age 7.8553 7.8244 . 322 
. 343 . 350 . 749 
Raven's 26.88 26.62 . 133 
7.022 7.553 . 859 
Spelling words 7.92 19.54 -7.468 
4.647 6.426 . 000 
Spelling non-words (number correct) 1.54 5.42 . 6.356 
1.749 2.580 . 000 
Reading words (total correct) 25-27 45.73 -6.515 
2.404 2.021 . 000 
Reading non-words (number correct) 3.42 6.92 -4.66 
2.788 2.622 1 . 000 
NB In the Table 7.2, the results in bold are significant in a two-tail test at the 0.05 
level or better. 
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7.6 Comparison of discrepant and control groups 
T-test results are shown here, separated in accordance with the framework discussed in 
Chapters 5 and 6. Independent sample Wests were performed to compare the two 
groups on each of the measures included in the test battery. These are reported based 
on their theoretical contribution to each of the factors discussed in previous sections of 
this thesis. 
Phonological data 
Comparative skills in phonological tasks are shown in Table 73. Comparisons were 
made between the two groups in the areas of non-word spelling and non-word reading 
as well as alliteration and rhyme. Alliteration is significant (p--0.007), but rhyme is not 
significant, under the conventional criteria of a two-tailed test; however, a p-value of 
0.046 would be produced if a one-tailed test were performed (ie, taking the hypothesis 
that the discrepant group would perform worse than the controls). Given that one of 
the aims of the present research is to compare differences between selected groups 
across language cohorts, such potential 'marginal' effects will be considered, but 
treated with caution. 
Table 7.3: Phonological skills - Mean, standard deviations and Wests 
Discrepant Controls West 
Alliteration test (number correct) 7.52 8.79 -2.835 
1.992 1.115 . 007 
Rhyme test (number correct) 13.06 14.74 -1.718 
3.508 3.516 . 092 
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Auditory system 
Table 7.4 presents the results for the auditory measures. Two tasks reached significance 
in the t-tests that compared discrepant and control groups. These were word and non- 
word repetition and reverse digit span (maximum number of digits and number of 
lines). A further two (digit span - max digits and sound discrimination) would also be 
significant based on the one tail criteria. 
Table 7.4: Auditory system - Mean, standard deviations and t-tests 
Discrepant Controls West 
Word repetition (lines correct) 3.31 4.62 -3.373 
1.408 1.388 . 001 
Non-word repetition (lines correct) 3.69 4.35 -2.093 
1.289 . 936 . 041 
Rhythm tapping (total correct) 5.15 5.62 -. 975 
1.759 1.651 334 
Digit Span (max digits) 4.88 5.50 -1.700 
1.633 . 860 . 095 
Digit Span (lines correct) 6.50 7.46 -1.606 
2.083 2.231 . 115 
Reverse digit span (max digits) 3.42 3.88 -2.048 
. 703 . 909 . 046 
Reverse digit span (lines correct) 3.77 4.58 -2.261 
. 992 LS28 . 028 
Sound discrimination (total correct) 18.69 19.27 -1.680 
1 1.158 1 1.313 1 . 099 _j 
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Visual system 
Table 7.5 presents results for the visual measures. None of the Wests indicated 
significant difference between discrepant and control groups. 
Table 7.5: Visual system - Mean, standard deviations and t-tests 
Discrepant Controls West 
Shape copying 4.46 4.62 -. 454 
1.208 1.235 . 652 
SQL - a) Total lines in sequence 3.46 3.85 -1.002 
1.581 1.156 321 
SQM - b) Max. cards in seq 3.50 3.85 -1.275 
. 990 . 967 . 208 
SQR - c) Rotation error/Corr seq. 2.15 1.405 -1355 
2.77 1.840 . 181 
SQRr - d) Total rotational errors 9.23 8.81 . 410 
3.943 3.487 . 684 
Speed of processing 
Three tasks were assigned to this group: a) object naming, b) number naming, and c) 
reading in one minute, as shown in Table 7.6. Of these, the last two both reached 
significant levels (p< 0.05), and object naming approached significance. 
Table 7.6: Speed of processing - Mean, standard deviations and Wests 
Discrepant Controls West 
Object naming (seconds) 40.86 35.14 1.966 
13.469 6.229 . 055 
Number naming (seconds) 40.91 29.96 2.156 
24.649 7.983 . 036 
Reading test (total correct in 1 min) 22.65 41.19 -6.402 
11.063 9.778 . 000 
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Lexical processing 
Both word and non-word sequnces were significant in the analyses (see Table 7.7). In 
each case, whether items were familiar or not, the discrepant group performed less 
words than the control group. 
Table 7.7: Lexical system - Mean, standard deviations and t-tests, 
Discrepant Controls West 
Reading test - Score 25.27 4S. 73 -6. SIS 
12.2S9 10.306 . 000 
Reading test - Total correct in 1 min 22.6S 41.19 -6.402 
11.063 9.778 . 000 
Non-word reading test - Total correct 3.42 6.92 . 4.663 
2.788 2.622 . 000 
Word repetition - Lines correct 3.31 4.62 -3.373 
1.408 1.388 . 001 
Non-word repetition - Lines correct 3.69 4.3S -2.093 
1 1.289 . 936 . 041 
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7.7 Correlation data 
This section is concerned with correlational data, shown separately for discrepants and 
controls. This will allow an analysis of possible differences in the significance between 
cognitive functioning of the two groups. 
Correlations of Raven's with spelling and reading 
Tables 7.8 and 7.9 present the correlation statistics for the comparison of Raven's and 
the literacy measures. For discrepants, there was a correlation of 0.431 (p=. 028) 
between Raven's and spelling, and 0.501 (p=. 009) for the control group. Raven's was 
correlated with spelling non-words (r--. 403, p=041) for discrepants and (r--. 639, 
p<001) for controls. 
Raven's was correlated with reading total (r--0.484, p=0.012) and non-word reading 
(r--0399, p=. 043) for discrepants. For controls, Raven's correlated with reading total 
(r--. 495, p=010) and non-word reading (r--. 661, p<001). 
Table 7.8: Coffelations between Raven's and spelling 
Discrepants Controls 
SVVD SNW SWD SNW 
RAV 0.431 
P= . 028 
0.403 
P= . 041 
0.501 
1 P= . 009 
0.639 
P=. Ooo 
Table 7.9: Correlations between Raven's and reading 
Discrepants Controls 
RDM RDT RNW RDM RDT RNW 
R" . 366 
P=. 066 
I 
. 484 
P=. 012 
I 
. 399 
P=. 043 
0.349 
P= . 080 I 
0.49S 
P=. 010 
-I 
0.661 
P=. 000 
For key to abbreviations, see Chapter 6 
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Phonological skills and spelling 
Table 7.10 shows the correlations between the phonological tasks and spelling ability 
for both the discrepants and the controls. As can be seen from the table, alliteration and 
rhyme correlated significantly with spelling of words and non-words for both 
discrepants and controls, though the relationships with word spelling were slightly 
larger for discrepants than controls. 
Table 7.10: Phonological segmentation and assembly processes and spelling 
Discrepants Controls 
SWD SNW SWD SNW 
SWD 1 0.675 1 0.729 
P-- P=. 000 P=. P=. 000 
SNW 0.675 1 0.729 1 
P=. 000 P=. P=. 000 P-- 
ALLIT 0.717 0.410 0.519 0.408 
P=. 000 P=. 037 P=. 007 P=. 039 
RIME 0.665 0.490 0.569 0.582 
P= . 000 1 P= . 011 P= . 002 1 P=. 002 
For key to abbreviations, see Chapter 6 
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Phonological skills and reading 
Table 7.11 presents the correlations between phonological skills and reading. Several 
areas show differences in correlations between tasks for discrepants and controls. 
These indicate that alliteration and rhyme scores were related to reading skills for both 
groups. However, the magnitude of this relationship appears to vary between groups, 
and is dependent upon whether words or non-words were read. For both groups, those 
who performed relatively better on the non-word reading task performed better on 
phonological tasks, though rhyme seemed to produce slightly greater correlations than 
alliteration, particularly for the dyslexics. For word reading, however, the relationships 
with phonological skills amongst the controls were much smaller than those found 
with the discrepants. This suggests that, for the discrepants, word reading is very much 
dependent upon phonological skills, whereas for the controls, variability in 
phonological skills had less influence on the individual's word reading scores. 
Table 7.11: Phonological segmentation and assembly processes and reading 
Discrepants Controls 
RDM RDT RNW RDM RDT RNW 
RDM 1 0.973 0.678 1 0.832 0.578 
P=. 
- 
P=. 000 P=. 000 P=. P=. 000 P= . 002 
RDT 0.973 1 0.676 0.832 1 0.784 
P= . 000 P=. P=. 000 P=. 000 P=. P=. 005 
ALLIT . 655 . 710 . 449 0.391 0.376 0.480 
P=. 000 P=. 000 P=. 022 P=. 048 P= . 058 P=. 013 
RIME 0.611 0.646 0.588 0.355 0.551 0.525 
P=. 000 P=. 001 P= . 002 1 P= . 075 P=. 003 P=. 006 
For key to abbreviations, see Chapter 6 
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Auditory processes and speUing 
Correlations between spelling and auditory processes are presented in Table 7.12. 
These indicated little consistent relationship between these processes and spelling non- 
words for either group. Where significant relationships were found, they were confined 
to spelling words. Overall, there is a positive relationship between word spelling and 
digit span for both groups, no matter whether forward or reverse span considered, nor 
how performance on this task was measured. For both groups, relatively good spelling 
performance was related to digit span. For word and non-word repetition and sound 
discrimination, slightly larger relationships with word spelling were found amongst 
discrepants than controls. This was most notable when word repetition was considered. 
However, rhythm tapping showed a relationship with word spelling for the controls, 
but not for the discrepants. 
Table 7.12: Auditory processes and spelling 
Discrepants Controls 
SWD SNW SVVD SNW 
svm 1 0.675 1 0.729 
P=. P=. 000 P=. P=. 000 
SNW 0.675 1 0.729 1 
P=. 000 P=. 
- 
P=. 000 P-- 
WREP 0.475 0.385 0.320 0.159 
P=. 014 P= . 052 P=. Ill P= . 438 
NWREP 0.390 0.183 0.327 0.219 
P=. 049 P= 371 P-- . 103 P=. 283 
RTAP 0.070 0.063 0.390 0.359 
P-- . 734 P=. 760 P=. 049 P= . 072 
DSMD 0.436 0.275 0.449 0.207 
P=. 025 P=. 174 P=. 022 P-- 310 
DSML 0368 0.274 0.509 0319 
P= . 065 P=. 175 P=. 008 P=. 112 
RDSMID 0.513 0.198 0.456 _ 0.226 
P= . 007 P= 333 P=. 019 P=. 266 
RDSTL 0.421 0.190 0.415 0.098 
P=. 032 P= 353 P=. 035 P=. 634 
SD 0.404 0.046 0309 -0.011 
P= . 041 1 P-- . 825 P=. 124 I P=. 956 
For key to abbreviations, see Chapter 6 
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Auditory processes and reading 
Table 7.13 presents the correlations between auditory processes and reading. 
Consistent with the findings with spelling, fewer significant correlations were found 
between these processes and non-word processing. The exceptions were confined to 
discrepants and will be referred to in relation to correlations with word reading. Digit 
span was again found to be related to literacy skills; however, the relationship was 
greater and more consistent for discrepants, than controls. Reading ability may have 
been more related to relatively good digit span amongst discrepants, unlike spelling 
which appeared to be more important for both groups. Again unlike spelling, the 
relationships with word and non-word repetition were marginal. The surprising finding 
in Table 7.13 were those related to rhythm tapping and sound discrimination. Both 
Table 7.13: Auditory processes and reading 
Discrepants Controls 
RDM RDT RNW RDM RDT RNW 
RDM 1 0.973 0.678 1 0.832 0.578 
P=. P=. 000 P=. 000 P=. P=. 000 P=. 002 
RDT 0.973 1 0.676 0.832 1 0.784 
P=. 000 P=. P=. 000 P=. 000 P=. P=. OOS 
WREP 0.387 0.320 0.383 0.336 0.163 0.014 
P=. 051 P=. 112 P=. 053 P= . 094 P=. 426 P=. 948 
NWREP 0.343 0.274 0.049 0.421 0.359 . 207 
P=. 086 P-- . 176 P-- . 813 P=. 032 P= . 072 P-- . 310 
RTAP . 0.471 -0.441 . 0.401 0.191 0.252 0.298 
P=. 015 P=. 024 P=. 043 P-- 351 P=. 214 P=. 139 
DSMID O. SO3 0.475 0.319 0321 0.341 0.355 
P=. 009 P=. 014 P=. 113 P=. 110 P= . 089 P= . 075 
DSML 0.414 0.40S 0300 0.403 0.256 0.293 
P= . 036 P=. 040 P=. 137 P=. 041 P=. 207 P=. 146 
RDSMD O. SO3 O. Sil O. S99 0.372 0.283 0.164 
P=. 009 P=. 008 P=. 001 P= . 062 P=. 164 P= . 423 
RDSTL 0.437 0.459 0.355 0.241 0.295 0.131 
P= . 026 P=. 018 P= . 075 P=. 235 P=. 144 P=. 522 
SD :] 0.444 0.510 0.587 0.046 0.286 0.250 
P=. 023 P=. 008 P= . 002 P= . 825 P=. 156 P=. 218 
For key to abbreviations, see Chapter 6 
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tasks showed significant relationships with word and non-word reading, but only 
amongst the discrepants. For discrepants, relatively good reading performance was 
related to good sound discrimination and poor scores on rhythm tapping. The latter 
finding suggests the possibility that the discrepant child who performs well on tasks 
that require copying of sequences of sounds that produce a recognisable rhythm may 
be the child most struggling to acquire reading skills. 
Visual processes and spelfing 
Table 7.14 presents the correlations between visual processes and spelling ability. 
There was little evidence in these results that spelling ability was influenced by visual 
processing capability. 
Table 7.14: Visual processes and spelling 
Discrepa ts Control 
SWD SNW SWD SNW 
SWD 1 0.675 1 0.729 
p-- P=. 000 P-- . P=. 000 
SNW 0.675 1 0.729 1 
P=. 000 P-- . P=. 000 P=. 
SHAPE 0.206 0.048 0.274 0.191 
P=. 162 P-- . 542 P--. 176 P-- 349 
SQL 0.087 -0.065 -0.010 0.009 
P=. 674 P= *754 P-- . 962 P=. 964 
SQM -0.191 -0.254 -0.044 -0.133 
P= 349 P--. 210 P--. 831 P-- . 517 
SQR -0.206 -0312 0.038 -0.274 
P= 312 P=. 121 P=. 854 P-- : 176 
SQRr -0.241 -0.239 -0.043 -0.342 
P= . 235 P--. 239 I P=. 833 P= . 087 
For key to abbreviations, see Chapter 6 
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Visual processes and reading 
Table 7.15 shows the correlations between visual processes and reading ability. As with 
the spelling analysis, no correlations reached the p<05 significance levels. Again there 
was no evidence in this data that reading was affected by visual processing capability 
at this age. 
Table 7.15: Visual processes and reading 
Discrepants; Controls 
RDM RDT RNW RDM RDT RNW 
RDM 1 0.973 0.678 1 0.832 O. S78 
P=. P=. 000 P=. 000 P=. P=. 000 P=. 002 
RDT 0.973 1 0.676 0.832 1 0.784 
P=. 000 P-- . P= . 000 P=. 000 P-- P=. OOS 
STUPE 0.066 0.105 0.165 0.089 0.174 0.188 
P= . 748 P=. 611 P=. 419 P=. 665 P=. 396 P= 357 
SQL 0.238 0.313 -0.001 0.010 0.161 -0.083 
P-- . 241 P-- . 119 P=. 997 P=. 962 P-- . 432 P=. 686 
SQM -0.199 -0.117 -0.370 0.092 0.100 -0.163 
P= . 330 P-- . 569 P= . 063 P-- . 655 P=. 627 P=. 427 
SQR -0.097 -0.107 -0313 0.000 0.035 -0.153 
P= . 638 P=. 603 P=. 119 P=. 999 P=. 867 P= . 455 
SQRT -0.167 -0.262 -0.086 -0.020 -0.087 -0.199 
P-- . 415 P-- . 196 P-- . 677 P-- . 923 P= . 672 P=. 331 
For key to abbirviations, see Chapter 6 
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Speed of processing and spelling 
Table 7.16 presents the correlations between speed of processing measures and 
spelling. Amongst the discrepants, word spelling was related to rapid naming of both 
digits and objects. For controls, the same relationship was only evident for digit 
naming. These findings suggest that relatively good word spelling scores within each 
group is related to faster naming responses. 
Table 7.16: Speed of processing and spelling 
Discrepants Controls 
SWD SNW SMM SNW 
SWD 1 0.675 1 0.729 
P=. P=. 000 P=. P=. 000 
SNW 0.675 1 0.729 1 
P=. 000 P-- P=. 000 P-- 
RNN -0.421 -0.338 -0.614 -0.386 
P= . 032 P= . 091 P=. 001 P= . 051 
RNP . 0.461 -0.219 -0.134 -0.068 
P=. 018 P-- . 281 P=. 515 P-- . 741 
RDM 0.866 0.558 0.737 0.504 
P= . 000 P=. 003 1 P= . 000 P=. 009 
For key to abbrev=ons, see Chapter 6 
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Speed of processing and reading 
Table 7.17 shows the correlations between reading and speed of processing measures. 
Consistent with the spelling findings, faster rapid nan-dng speeds among the 
discrepants was related to better reading scores, though this is also evident for non- 
words as well as words. Also consistent with the spelling data, controls were found to 
show relationships between rapid naming and reading that were only evident for digit 
naming and not object naming. 
Table 7.17: Speed of processing and reading 
Discrepants Control 
RDM RDT RNW RDM RDT RNW 
RDM 1 0.973 0.678 1 0.832 0.578 
P=. P=. 000 P=. 000 P-- P=. 000 P=. 002 
RDT 0.973 1 0.676 0.832 1 0.784 
P=. 000 P=. P= . 000 P=. 000 P=. P=. 005 
RNN -0.483 -0.484 -0.386 -0.589 -0.520 -0.442 
P= . 012 P=. 012 P= . 051 P=. 002 P=. 006 P--. 024 
RNP . 0.471 -0.441 -0.401 
I 
-0.233 0.005 0.007 
1 
P=. 015 I P= . 024 1 P=. 043 P-- . 253 1 P= . 979 1 P= . 975 
For key to abbreviations, see Chapter 6 
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Lexical processes and spelling 
Table 7.18 presents the correlations between spelling and lexical processes. Both 
discrepants and controls showed similar correlations for spelling words and non-words. 
However, there appear to be differences in processing between discrepants and controls 
for word and non-word repetition. No significant correlations are found for controls, 
though there is significant correlation between spelling and both word and non-word 
repetition for discrepant individuals, suggesting that the better the ability to repeat 
sound strings, irrespective of prior knowledge of the word, the better will be the 
spelling ability in the discrepant group. 
Table 7.18: Lexical processes and spelling 
Discrepants Controls 
SWD SNW SWD SNW 
SWD 1 0.675 1 0.729 
P=. P=. 000 P=. P=. 000 
SNW 0.675 1 0.729 1 
P=. 000 P=. P=. 000 P=. 
WREP 0.475 0.385 0320 0.159 
P=. 014 P= . 052 P=. 111 P=. 438 
NWREP 0390 0.183 0327 0.219 1 
P=. 049 I P= 371 P-- . 103 1 P-- . 283 
For key to abbreWations, see Chapter 6 
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Lexical processes and reading 
Table 7.19 shows the correlations between reading and lexical processes. The most 
significant difference between the groups appears to be the significant correlation 
between non-word reading and reading in one minute for controls, which is not present 
for discrepants. 
Table 7.19: Lexical processes and reading 
Discrepants Controls 
RDM RDT RNW RDM RDT RNW 
RDM 1 0.973 0.678 1 0.832 0.578 
P=. P=. 000 P=. 000 P=. P=. 000 P=. 002 
RDT 0.973 1 0.676 0.832 1 0.784 
P=. 000 P-- P=. 000 P=. 000 P=. P=. 005 
MFREP 0.387 0320 0.383 0.336 0.163 0.014 
P=. 051 P-- . 112 P= . 053 P= . 094 P=. 426 P=. 948 
NWREIP 0.343 0.274 0.049 0.421 0.359 . 207 
P=. 0861 P-- . 176 1 P= . 813 1 P= . 032 1 P= . 072 1 P= 310 
For key to abbreviations, see Chapter 6 
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7.8 Regression analysis 
Regression analysis of these results has been done using stepwise regression. Since the 
intention is to investigate the relationship of the independent literacy skills of spelling 
and reading to cognitive processing, the regression analysis is crucial to the 
understanding of how language requirements may differ. 
SpeRing 
Discrepants 
Results in a stepwise regression analysis using data from the discrepant individuals 
show that 49 percent of the variance was accounted for by alliteration. A further 12 
percent was accounted for by a measure of visual sequential memory (SQM), while 
auditory short term (sequential) memory added another 6%. These three factors 
accounted for 68% of the variance. (See Table 7.20) 
Table 7.20: Regression for discrepants 
R R2 Adj R2 Std Err 
ALLIT . 717 . 515 . 494 3304 
+SQM . 801 . 642 . 610 2.901 
1 +DSMD 1 . 845 1.715 1 . 676 12.645 
For key to abbreviations, see chapter 6. 
For key to abbreviations, see Chapter 6 
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Controls 
The principal components of this regression was rapid naming of numbers (35%), 
followed by rhyme (21%) and a further 9% was attributable to non-word repetition. 
The total amount of variability predicted by these three factors was 65%. (See Table 
7.21) 
Table 7.21: Regression for discrepants 
R RI Adj RI Std Err 
RNN . 614 
377 351 5.179 
+RIME . 775 . 601 . 566 4.233 
+NWREP I . 833 . 694 . 
652 
Non-word spelfing 
Discrepants 
Results in a stepwise regression analysis using data from the discrepants individuals 
show that 21% of the variance was accounted for by rhyme. (See Table 7.22) 
Table 7.22: Regression for discrepants 
R RI Adj RI Std Err 
RIME 
1 
. 490 . 240 . 209 1.556 
Controls 
Raven's accounted for 38% of the variance in this regression analysis. (See Table 7.23) 
Table 7.23: Regression for controls 
RI R2 
I 
Adj RI I Std Err 
RAVENS . 639 
1 
. 408 
1384 12.025 
Both these analyses indicate that only a small amount of variability of non-word 
spelling can be predicted from these measures. 
For key to abbreviations, see Chapter 6 
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Reading words in total 
Discrepants 
Results in a stepwise regression analysis using data from the discrepant individuals 
showed that 48% of the variance was accounted for by alliteration. A further 9% was 
accounted for by rime. Total variance account for by these tests was 57%. (See Table 
7.24) 
Table 7.24: Regression for discrepants 
R RI Adj R2 Std Err 
ALLIT . 710 . 504 . 483 8.814 
RIME . 779 . 608 . 573 8.007 
Controls 
Results in a stepwise regression analysis using data from the controls individuals show 
that 28% of the variance was accounted for by rhyme, and a further 20% by 
sequencing skills (days of the week and months of the year). (See Table 7.25) 
Table 7.25: Regression for controls 
R R' Adj RI Std Err 
RIME . 551 304 . 275 8.774 
+RNN . 702 . 493 . 449 7.649 
+NWRep 1 . 776 . 603 . 549 6.923 
For key to abbreviations, see Chapter 6 
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Reading in one minute 
Discrepants 
Results in a stepwise regression analysis using data from the discrepant individuals 
show that 40% of the variance was accounted for by alliteration, a further 12% by digit 
span, and another 11% by a measure of visual short term memory. A further 10% was 
added using another, related, visual short term memory measure. 
Table 7.26: Regression for discrepants 
R R2 Adj RI Std Err 
ALLIT . 655 . 430 . 406 8.528 
+DSMD . 747 . 558 . 520 7.665 
+SQM . 823 1 . 678 . 634 6.697 
+SQRr . 880 
1 
. 775 . 732 5.722 
Controls 
Results in a stepwise regression analysis using data from the control individuals show 
that 32 percent of the variance was accounted for by rapid naming of numbers, and 
non-word repetition accounted for a further 20%. (See Table 7.27) 
Table 7.27: Regression for controls 
R RI Adj RI Std Err 
RNN . 589 347 319 8.066 
NWREP . 746 . 556 . 517 6.792 
For key to abbreviations, see Chapter 6 
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Non-word reading 
Discrepants 
Results in a stepwise regression analysis using data from the discrepant individuals 
show that 33 percent of the variance was accounted for by reverse digit span, a further 
17% with word repetition, and another 7% by Raven's. A further 6% was added using 
a visual short term memory measure, and sound discrimination added a further 8%. 
The total was 70%. (See Table 7.28) 
Table 7.28: Regression for discrepants 
R R' Adj RI Std Err 
RDSTL . 599 359 332 2.278 
+VVREP . 730 . 533 . 493 1.986 
+RAV . 784 . 615 . 562 1.845 
+SQM . 825 . 681 . 620 1.719 
+SD . 873 . 762 . 703 1.521 
Controls 
Results in a stepwise regression analysis using data from the control individuals show 
that 41 percent of the variance was accounted for by Raven's, a further 18% by a 
visual sequential memory measure, and a further 6% by sequences (days of the week 
and months of the year). (See Table 7.29) 
Table 7.29: Regression for discrepants 
R R' Adj RI Std Err 
RAV . 661 . 437 . 413 2.008 
SQRr . 793 . 630 . 597 1.664 
RNN 1 . 833 1 . 693 1 . 651 1 1.548 
For key to abbreviations, see Chapter 6 
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Ezek a feliratok R, 6bert Giddt6l 
szdrniaztak, uganis csak o tudott 
helyesen frni az eg4fsz erdbben; maga 
Bagoly, aki eyAkent nagy 1761cs 
hiriben d1lott, a tulajdon nevit 
"bagoj" - nak Irta. 
translated by Karinthy Frigyes 0 1991 
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Chapter 8 Hungarian data 
8.1 Introduction 
A set of tests was devised for the Hungarian language data production in line with that 
laid out in chapter 5, and that devised for the English data. 
Test modifications for the Hungarian language 
Modifications of the test items for Hungarian testing, which take account of the 
transparency of the script, were as follows: 
Group test 
Spelling test - Since no appropriate test was available, a Hungarian spelling test was 
devised based on extensive research, and appropriately piloted. Following results- 
based modifications, the test provided a measure of spelling ability, and showed no 
ceiling or floor effects. 
Non-words spelling - Based on the work carried out to devise the Hungarian spelling 
test, a series of non-words were devised that allowed child to spell words either by 
using direct phoneme-grapheme correspondence rules or by analogy. 
Individual testing 
Reading test - As with spelling, there was no standard Hungarian reading test, so one 
was devised based on extensive research, and appropriately piloted. Following results- 
based modifications, the test provided a measure of spelling ability, and showed no 
ceiling or floor effects. Since no children were encountered that did not know the 
grapheme-phoneme correspondence, and Hungarian is a transparent language, all the 
words would be read given time, and considerable ceiling effect would be encountered 
if the numerical score of words read correctly were used. Therefore, for the Hungarian 
language, this is considered primarily as a timed task. 
Non-word reading - non-words were devised which attempt to force the child to read 
by using grapheme-phoneme correspondence rules or analogy. Both time and words 
correct were scored. 
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Alliteration, rhyme, word repetition, non-word repetition and sequences items were all 
modified appropriately. The other tasks did not require modifications. 
8.2 Cohort 
Pilot studies for the Hungarian testing was carried out in two schools in Budapest. As 
a result of this testing, modifications were made to the procedure and the content. A 
further five schools were then selected in Budapest and the surrounding area to be 
representative of the general population. The children were in the second year of 
school, and were of the same age as the English cohort. 
A total of 208 children were tested in the group testing of which a further 46 (23 poor 
spellers and 23 good spellers) were selected for individual testing. Each of these 
children, their teachers and their parents were asked questions regarding their 
background to eliminate the potential confounds of lack of opportunity socio-economic 
deprivation and language environment. 
As with the English data, careful consideration was given to the matching procedure, 
with each child with a spelling deficit being matched in terms of age, gender, 
classroom (ie, teaching environment) and Raven's score with an average/good speller 
peer. 
94 
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8.3 Sununary of selection conrwmation data 
On average, the age of the discrepant group was 8.54 years (sd = 0.370) compared to 
8.56 years (sd = 0.370) for controls. This gave a t-test results of t=-. 247 and p= . 806 
(df=50). Results for Raven's gave mean values of 27.96 (sd = 2.915) for discrepant 
group and 28.35 (sd = 4.018) for controls. T-test values were t=-. 378 and p=0.707 
(df=50). 
The criterion used to distinguish between the two groups was the spelling words. The 
mean value for the discrepancy group was 17.74 (sd=4.081) and 25.17 (sd=3.676) for 
the controls. A t-test value of -932, significant at a level p<0.001 (df=50). 
The results shown here highlight those values used to determine the two groups from 
the whole class cohort. This testing provided the means to derive two separate groups. 
Comparisons of these two groups for reading (Table 8.1) reveals that the discrepancy 
group is not significant, using the conventional criterion of a two-tailed test; however, 
a p-value of 0.039 would be produced if a one-tailed test were performed (ie, taldng 
the hypothesis that the discrepant group would perform worse than the controls). Given 
that, as noted with the English data, one of the aims of the present research is to 
Table 8.1: Test summary score sheet for matched cohort 
Discrepant Controls West 
Age 8.5417 8.5687 -. 247 
3703 3701 . 806 
Raven's (total coffect) 27.96 28.35 -. 378 
2.915 4.018 . 707 
Spelling words (total correct) 17.74 25.17 -6.491 
4.081 3.676 . 000 
Spelling non-words 3.57 7.09 -6.962 
1.502 1.905 . 000 
Reading test (total correct in I min) 36.74 42.48 -1.807 
10.371 11.151 . 078 
Reading non-words 8.13 9.04 -2.170 
1.740 1 1.022 . 035 
NB In the Table 8.1 the results in bold are significant in a one-tail test at the 0.05 level 
or better. 
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compare differences between selected groups across language cohorts, such potential 
'marginal' effects will be considered, but treated with caution. However, it does 
suggest that whilst there may be common processes, some cognitive deficits may be 
more important in the acquisition of one literacy skill more than the other. 
Both non-word spelling and reading are significant at p<0.001 and p= . 035 
respectively. 
8.4, Comparison of discrepant and control groups 
T-test results are reported based on the framework presented in Chapter 4. Independent 
sample t-tests were performed to compare the two groups on each of the measures 
included in the test battery. These are reported based on their theoretical contribution 
to each of the factors discussed in previous sections of this thesis. 
Phonological data 
Comparative skills in phonological tasks are shown in Table 8.2. Comparisons were 
made between the two groups in the areas of alliteration and rhyme. Rhyme is not 
significant, under the conventional criterion of a two-tailed test; however, a p-value of 
0.048 would be produced if a one-tailed test were performed (ie, taking the hypothesis 
that the discrepant group would perform worse than the controls). 
Table 8.2: Phonological skills - Mean, standard deviations and wests 
Discrepant Controls West 
Alliteration test - Total correct 6.739 7.435 -1332 
1.7573 1.7857 . 190 
Rhyme test - Total correct 10.065 11.587 -1.701 
11 2.7482 1 3.2948 . 096 
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Auditory system 
Comparisons of the auditory system items is shown in Table 83. Only non-word 
repetition was found to be significant, though sound discrimination approached 
significance at the two tail level. 
Table 8.3: Auditory system - Mean, standard deviations and Wests 
Discrepant Controls West 
Word repetition - Lines correct 439 4.74 -1.066 
. 722 1389 . 292 
Non-word repetition - Lines correct 4.09 4.74 . 2.205 
1.083 . 915 . 033 
Rhythm tapping - Total correct 5.57 635 -1.281 
2.085 2.058 . 207 
Digit Span - max digits 4.87 4.96 -. 421 
0.757 0.638 . 6176 
Digit Span - number of lines 6.96 7.13 -. 413 
1.609 1.217 . 681 
Reverse digit span - Max digits 3.43 3.73 -1.174 
. 896 . 767 . 247 
Reverse digit span - Number correct 4.26 4.56 -. 818 
1.322 1.199 . 418 
Sound discrimination - Total correct 17.39 18.24 -1.968 
1.821 2.468 . 055 
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Visual system 
Table 8.4 presents results for the visual measures. None of the Wests indicated 
significant difference between discrepant and control groups. 
Table 8.4: Visual system - Mean, standard deviations and wests, 
Discrepant Controls West 
Shape copying 4.565 4.739 -. 505 
1.273 1.054 . 616 
Shape from memory 5.565 6.043 -. 756 
2.273 2.011 . 454 
SQL - a) Total lines in sequence 435 4.04 . 829 
1.027 1.430 . 411 
SQM - b) Max. cards in seq 3.83 3.70 . 553 
. 717 . 876 . 583 
SQR - c) Rotation effor/coff seq. 4.74 4.04 . 498 
2.700 4.073 . 683 
SQRT - d) Total rotational errors. 11.29 9.52 ý 1.299 
1 3.901 4.981 . 201 
Speed of processing 
Results for the speed measures are shown in Table 8.5. Rapid naming of numbers was 
significant, while number naming and reading test in one minute were both significant 
if a one-tail test was performed. 
Table 8.5: Speed of processing - Mean, standard deviations and Wests 
Discrepant Controls West 
Rapid number picture (seconds) 42.783 38.000 1.812 
10.497 7.071 . 077 
Rapid number naming (seconds) 44.000 36.826 2.039 
14.476 8.664 . 047 
Reading test - Total correct in 1 min 36.74 42.48 -1.807 
10.371 11.151 . 078 
Reading non-words (in seconds) 27.22 22.70 1.545 
12.053 
__. 
195 . 130 
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Lexical processing 
Of the tests that involved known and unknown lexical items in analogous procedures 
(see Table 8.6), only non-word reading and non-word repetition indicated differences 
between groups. Since word repetition did not show significant differences, it suggests 
that coding/retention of novel or unfamiliar sound strings, as opposed to familiar sound 
strings, may be important prerequisites in acquiring good literacy skills. 
Table 8.6: Lexical system - Mean, standard deviations and t-tests 
Discrepant Controls West 
Word repetition - Lines correct 439 4.74 -1.066 
. 722 1.389 . 294 
Non-word repetition - Lines correct 4.09 4.74 -2.205 
1 1.083 0.91S . 033 
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8.5 , Correlation data 
As with the English data, the analysis for the Hungarian data is performed in order to 
determine if there are measurable differences between the cognitive functioning of the 
two groups for the tasks performed. In order to determine this, the analysis involved 
the comparison of the correlations between the main dependent variables (reading and 
spelling of both words and non-words) and the various tasks. Again for consistency the 
measures are set out in respect to the framework determined in Chapter 4. Note that for 
reading, the high level of transparency means that most children can read most words, 
and, as previously noted, any measure of the word reading ability will have a 
considerable ceiling effect. For this reason the principal measure for the Hungarian 
readin2 analysis is the number of words read in one minute. Appropriate comparisons 
will be found in the chapter on the cross-linguistic comparison. 
Correlations of Raven's with spelling and reading 
Correlations between Raven's and spelling words was significant for the control group, 
but only if a two tail test were performed for discrepants. For non-word spelling 
correlations were significant for discrepants but not for controls. (See Tables 8.7 and 
8.8. ) 
Raven's was correlated at a significant level with reading words in one minute for 
discrepants but not for controls. 
Table 8.7: Correlations between Raven's and spelling 
Discrepants Controls 
SWD SNW SWD SNW 
RAV . 385 
P=. 070 
. 431 
P=. 040 
. 651 
P=. 001 
. 305 
P=. 157 
Table 8.8: Correlations between Raven's and reading 
Discrepants Controls 
RDM RNW RDM RNW 
RAV . 517 
P=. 012 
. 189 
P=387 
303 
P=. 159 
. 162 
P--. 459 
For key to abbreviations, see Chapter 6 
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Phonological skills and spelling 
Table 8.9 shows the correlations between the phonological tasks and spelling ability 
for both the discrepants and the controls. For alliteration, both discrepants and controls 
display a significant correlation with spelling of words. Furthermore, discrepants and 
controls show significant correlation between rime and non-word spelling, suggesting 
that both groups use the rime analogy for spelling. However, whilst there is 
significance between alliteration and non-word spelling for discrepants, there is no 
such significance for controls. 
Table 8.9: Correlations between spelling components of phonological segmentation 
and assembly processes 
Discrepants Controls 
SWD SNW SWD SNW 
SWD . 700 . 459 
P= P=. 000 P= P=. 028 
SNW . 700 . 459 
P=. 000 P= P=. 028 P= 
ALLIT . 595 . 437 . 573 . 309 
P=. 003 P=. 037 P=. 004 P=. 151 
RIME 326 . 437 . 363 . 477 
P=. 129 P=. 037 P=. 089 I P=. 021 
For key to abbrwWations, see Chapter 6 
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Phonological skills and reading 
Table 8.10 presents the correlations between phonological skills and reading. Several 
areas show difference in correlations between tasks for discrepants and controls, 
indicating that alliteration and rime scores were not equally related to reading skills for 
both groups. 
For both groups, those who performed relatively better on the alliteration also 
performed better on both words read in a minute and non-word reading tasks, though 
controls seemed to have slightly greater correlations, and were significant at the two 
tail level for both words reading in one minute (RDM) and non-word reading (RNW). 
Of particular note was rime correlation with reading speed, which for the discrepants 
showed significant correlation for words read in one minute, but was not significant in 
the controls. This strongly suggests that the better readers in this age group are not 
using rime analogy as the basis for reading at speed. 
Table 8.10: Correlations between reading and components of phonological 
segmentation and assembly processes. 
Discrepants Controls 
RDM RNW RDM RNW 
RDM 355 . 285 
P= P--. 097 P-- P=. 187 
RNW 355 . 285 
P=. 097 P-- P=. 187 P-- 
ALLIT . 400 . 352 . 480 . 463 
P=. 059 P=. 098 P=. 020 P=. 026 
RIME 1 . 508 . 241 . 043 . 215 
P=. 013 I P=. 269 P--. 846 P--. 325 
For key to abbiwWations, see Chapter 6 
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Auditory processes and spelling 
Correlations between spelling and auditory processes are presented in Table 8.11. 
These show that there are differences in the way the two cohorts use sound, in 
particular for non-word spelling. 
No statistically significant correlations were found between auditory processes and the 
spelling of words and non-words for discrepant individuals. However, for controls 
there was a significant correlation between spelling words and sound discrimination, 
and rhythm tapping and digit span (maximum lines) were also significant if a one-tail 
test was performed. For non-word spelling significant correlations for controls were 
found for rhythm, maximum number of digits recalled in digit span, the maximum 
number recalled in reverse digit span and sound discrimination. These results suggest 
that controls make significant use of sound discrimination and auditory memory for the 
spelling of non-words. 
Table 8.11: Correlations between spelling and components of auditory processes 
Discrepants Controls 
SWD SNW SWD SNW 
SWD . 700 . 459 
1 P= P=. 000 P= P=. 028 
SNW . 700 . 459 
P=. 000 -P= - P=. 028 P= 
VAZEP . 052 -. 046 . 018 . 215 
P--. 815 P--. 837 P=. 934 P--324 
NWREP . 232 331 -338 300 
P=-288 P=-122 P=. 114 P=. 164 
RTAP . 114 . 256 . 382 . 537 
P=. 604 P=. 238 P=. 072 P=. 008 
DSMD . 297 348 . 94 . 377 
P--. 168 P=. 104 P=. 173 P=. 076 
DSML . 268 . 236 . 360 . 544 
P--. 216 P--. 278 P=. 091 P=. 007 
RDSMD . 045 -. 022 . 237 . 565 
P=. 839 P--. 921 P--. 287 P=. 006 
RDSML . 081 . 037 . 214 . 236 
P=. 715 P=. 868 P--327 P=. 278 
SD . 002 -. 139 -578 S38 
P=. 992 P--. 527 P=. 004 I P=. 008 
For key to abbreviations, 
see Chapter 6 
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Auditory processes and reading 
Table 8.12 presents the correlations between auditory processes and reading. 
Unlike with spelling, with reading it is the discrepants that show greater correlations 
with measures of auditory short term memory tasks. 
For non-word reading, digit span (digits recalled (DSMD) and number of lines correct 
(DSML)) was significant for the discrepants. However, the controls demonstrated 
significant correlation between reading non-words (RNW) and reverse digit span 
(RDSMD). Although several items show significance at the one-tail level, only rhythm 
tapping for non-word reading was significantly different between the groups, with 
almost no correlation demonstrated for the discrepant group, but appreciable 
correlation shown for controls. 
Table 8.12: Reading and auditory processes 
Discrepants Controls 
RDM RNW RDM RNW 
RDM 355 . 285 
P= P=. 097 P= P=. 187 
RNW . 355 . 285 
P=. 097 P-- P=. 187 P-- 
VIREP -. 071 -. 079 . 038 . 201 
P=. 749 P=. 721 P=. 864 P--. 359 
NVAZEP . 026 -. 030 . 093 . 013 
P=. 905 P=. 890 P=. 673 P=. 954 
RTAP . 293 . 079 . 345 . 360 
P=. 175 P=. 720 P--. 107 P=. 092 
DSMD . 233 . 497 . 374 . 282 
P=. 285 P=. 016 P=. 079 P=. 192 
DSML . 323 AS7 . 340 . 361 
P=. 132 P=. 028 P=. 112 P=. 091 
RDSMD . 208 . 166 . 357 . 432 
P=. 340 P=. 449 P=. 102 P=. 04S 
RDSML . 280 . 261 . 383 . 276 
P=. 195 P--. 229 P=. 071 P--. 203 
SD 175 . 013 . 306 . 081 
P=. 425 P=. 953 P=. 155 P=. 713 For key to abbreviations, see Chapter 6 
8-14 
Chapter 8- Hungarian data 
Visual processes and spelling 
Table 8.13 presents the correlations between visual processes and spelling ability. 
There was little evidence in these results that spelling ability was influenced by visual 
processing capability. 
Table 8.13: Spelling and visual processes 
Discrepants Controls 
SWD SNW SWD SNW 
S" . 700 . 459 
P= P=. 000 P= P=. 028 
SNW . 700 . 459 
P=. 000 P= P=. 028 P= 
SHAPE . 012 . 182 341 . 012 
P=. 956 P--. 406 P=. 112 P=. 957 
SQL -. 227 -. 222 -. 019 -. 168 
P--. 298 P=310 P=. 932 P=. 442 
SQM -. 109 -. 200 -. 096 -. 210 
P=. 619 P=360 P=. 664 P=. 357 
SQR -. 085 -. 074 . 027 -. 018 
P=. 700 P--. 737 P=. 903 P--. 935 
SQRT . 186 . 003 . 049 . 148 
P=. 421 P=. 991 P=. 823 P--. 499 
SFM -. 032 . 022 -. 007 . 082 
P=. 883 P=. 921 P=. 974 P--. 710 
For key to abbreviations, see Chapter 6 
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Reading and visual processes 
Table 8.14 shows the two correlations between visual processes and reading ability that 
reached the significance levels. The number of rotational errors where the sequences 
were correct (SQR) was negatively correlated with reading words in one minute. That 
is, the more errors made, the lower the reading score. This analysis of this test item 
may be considered a measure of the attention to fine detail, as opposed to the 
sequential detail. As such, the results suggest that the reading speed of the poor reader 
is correlated significantly to their ability to avoid errors in the fine visual details. This 
may be interpreted as invoking a visual strategy in this group. 
However, the correlation with shape from memory suggests that only the controls 
appeared to use a visual strategy in reading non-words. 
Table 8.14: Reading and visual processes 
Discrepa ts Controls 
RDM RNW RDM RNW 
RDM . 355 . 285 
P= P=. 097 P= P--. 187 
RNW . 355 . 285 
P=. 097 P= P=. 187 P= 
SHAPE . 012 . 170 . 003 . 011 
P=. 9,58 P--. 437 P--. 988 P--. 960 
SQL -. 247 -. 128- . 044 -. 064 
P=. 256 P--. 560 P--. 841 P=. 773 
SQM -. 184 128 -. 124 -. 137 
P--. 401 P=. 559 P=. 573 P=. 533 
SQR -. 483 -. 254 -. 073 -. 186 
P=. 020 P--. 243 P--. 742 P=395 
SQRr . 002 . 070 -. 042 -. 273 
P=. 994 P--. 762 P--. 848 P--. 208 
SFM 1 . 242 348 . 287 . 442 
P=. 266 P=. 103 P=. 184 P=. 035 
For key to abbreviations, see Chapter 6 
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Speed of processing and spefling 
Table 8.15 presents the correlations between speed of processing measures and 
spelling. There were no significant correlations found for discrepants nor controls. 
In another measure of speed, though literacy related, there was significant correlation 
between spelling words and reading speed for both discrepants and controls. However 
only discrepants showed significant correlation for spelling non-words. That is, for 
discrepants, the ability to read fast was correlated with non-word spelling for 
discrepants, but not for controls. 
Table 8.15: Spelling and speed of processing 
Discrepants Controls 
SWD SNW SWD SNW 
SYVID . 700 AS9 
P= P=. 000 P= P=. 028 
SNW . 700 AS9 
P=. 000 P= P=. 028 P= 
RNN -. 093 . 046 . 292 . 062 
P=. 673 P=. 835 P=. 176 P=. 780 
RNP . 115 325 . 243 -. 155 
P--. 600 P--. 13 0 P=. 264 P--. 479 
RDM . 528 . 459 . 491 . 120 
P=. 028 P=. 017 P=. 586 
For key to abbrrWations, see Chapter 6 
8-17 
Chapter 8- Hungarian data 
Speed of processing and reading 
Table 8.16 shows the correlations between reading and speed of processing measures. 
Consistent with the spelling findings, faster rapid naming speeds among the 
discrepants was related to better reading scores, though this is also evident for non- - 
words as well as words. Also consistent with the spelling data, controls were found to 
show relationships between rapid naming and reading that were only evident for 
number naming and not object naming. 
For the discrepants, but not for controls, rapid naming of numbers was significantly 
correlated with reading in one minute, suggesting the possible dependence on an 
underlying factor such as the speeded orthographic access in both cases. However, this 
relationship was not demonstrated for non-words. 
The total number of non-words read correlated with non-word reading speed for both 
groups. 
Table 8.16: Reading and speed of processing - 
Discrepants Controls 
RDM RNW RDM RNW 
RDM . 355 . 285 
P= P=. 097 P= P=. 187 
RNW . 355 . 285 
P=. 097 P= P--. 187 P= 
RNN -. 632 -. 316 -. 084 -. 045 
P=. 001 P=. 142 P--. 702 P=. 837 
RNP -341 -. 061 -. 191 -. 258 
P=. 111 P=. 784 P--383 P=-235 
For key to abbreviations, see Chapter 6 
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Lexical processes and spelling 
Table 8.17 presents the correlations between spelling and lexical processes. Both 
discrepants and controls showed no significant correlations for spelling words and non- 
words with word and non-word repetition. However, there appear to be differences in 
processing between discrepants and controls for word and non-word repetition, as 
indicated by correlations in the discrepant group for spelling with both word and non- 
word repetition. 
Table 8.17: Spelling and lexical processes 
Discrepants Controls 
SMM SNW SWD SNW 
SVVD . 700 . 459 
P= P=. 000 P= P=. 028 
SNW . 700 . 459 
P=. 000 P= P=. 028 P= 
WREP . 052 -. 046 . 018 . 215 
P-- . 815 P--. 837 
P=. 934 P=324 
NWREP . 232 331 338 300 
P= . 288 1 P--. 122 P--. 114 P=. 164 
For key to abb? rvialions, see Chapter 6 
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Lexical processes and reading 
Table 8.18 shows the correlations between reading and lexical processes. There is no 
significant correlation between non-word reading and reading in one minute for word 
and non-word repetition for either discrepants. or controls. 
Table 8.18: Reading and lexical processes 
Discrepants Controls 
RDM RNW RDM RNW 
RDM . 355 . 285 
P= P=. 097 P= P=. 187 
RNW . 355 . 285 
P=. 097 P= P=. 187 P= 
WREP -. 071 -. 079 . 038 . 201 
P=. 749 P=. 721 P=-864 P=. 359 
NVVREP . 026 
7030 
. 093 . 013 
1 
P=. 905 P=. 890 P--. 673 r%A P=. 9, 
For key to abbreviations, see Chapter 6 
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8.6 Regression analysis 
Regression analysis of these results was done in stages. Since the intention is to 
investigate the relationship of the independent literacy skills of spelling and reading to 
cognitive processing, regression analysis is crucial in the understanding of how 
language requirements may differ. 
Spelling 
Discrepants 
Results in a stepwise regression analysis using data from the discrepant individuals 
show that 34% of the variance was accounted for by alliteration (ALLIT). A further 
10% was accounted for by visual memory (SQL). Total variance accounts for 44% of 
the variance. (See Table 8.19) 
Table 8.19: Regression for discrepants 
R RI Adj RI Std Err 
ALLIT . 612 374 341 3.259 
+ SQL . 707 . 500 . 444 2.993 
Controls 
The principal component of this regression is sound discrimination (SD) (32%), 
followed by alliteration (11%). (See Table 8.20) 
Table 8.20: Regression for controls 
R RI Adj RI Std Err 
SD . 594 353 320 3.094 
+ALLIT . 699 . 488 . 435 2.822 
For key to abbrMalions, see Chapter 6 
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Non-word spelling 
Discrepants 
Results in a stepwise regression analysis using data from the discrepant individuals 
show that 20% of the variance was accounted for by alliteration. (See Table 8.21) 
Table 8.21: Regression for discrepants 
R I RI I Adj RI I Std Err 
ALLIT 
1 
. 491 
1 
. 241 
1 
_. 
201 1 1.279 
1 
Controls 
The principal components of this regression was rhythm tapping (32%) and reverse 
digit span (RDSMD) (11.5%). (See Table 8.22) 
Table 8.22: Regression for controls 
R R2 Adj R2 Std Err 
RTAP . 583 
I 
340 307 1.531 
. 
+RDSMD . 682 - 465 . 
408 1.414 
Reading in one minute 
Discrepants 
Results in a stepwise regression analysis using data from the discrepant individuals 
show that 34 percent of the variance was accounted for by the rapid naming of 
numbers. A further 12 percent was accounted for with rime. Total variance accounted 
for in these tests was 46 percent. (See Table 8.23) 
Table 8.23: Regression for discrepants 
R R' Adj RI Std Err 
RNN . 616 379 346 
8.621 
+RIME . 716 . 513 . 459 7.843 
For key to abbreviations, see Chapter 6 
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Controls 
Results in a stepwise regression analysis using data from the control individuals show 
that 23 percent of the variance was accounted for by alliteration. (See Table 8.24) 
Table 8.24: Regression for controls 
R RI Adj Rl__ Std Err 
ALLIT 
1 
. 517 . 267 
1 
. 230 _1 
9.957 
Reading non-words 
Discrepants 
Results in a stepwise regression analysis using data from the discrepant individuals 
show that 23 percent of the variance was accounted for by the digit span - maximum 
digits. (See Table 8.25) 
Table 8.25: Regression for discrepants 
R RI Adj RI Std Err 
DSMD . 517 . 267 
1 
. 229 1.558 
1 
Controls 
Results in a stepwise regression analysis using data from the control individuals show 
that 35 percent of the variance was accounted for by rapid naming of numbers. (See 
Table 8.26) 
Table 8.26: Regression for controls 
RI RI I Adj RI I Std Err 
RNN 
1 
. 464 
1 
. 216 
1 
. 176 
1 
. 949 
For key to abbirviations, see Chapter 6 
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9.1 Introduction 
A set of tests was devised for the Chinese language data production in line with that 
laid out in Chapter 5, and that devised for the English data, with due respect to the 
Chinese language and script. 
Test modifications for the Chinese language 
Modifications of the test items for Hungarian testing, which take account of the 
transparency of the script, were as follows: 
Group test 
Dictation test - The Hong Kong Dictation test, devised by the Psychological Services 
of the Hong Kong Education Department was used. 
Non-words dictation - due to the nature of the script, non-word dictation is not possible 
in Chinese. 
Individual testing 
Reading test - The Hong Kong Dictation test, devised by the Psychological Services of 
the Hong Kong Education Department was used. 
Non-word reading - non-words were devised which attempt to force the child to read 
using analogy. The words were novel combinations of characters that should be 
known by the child. Characters were always used in 'legal' positions. A response that 
indicated a verbal response to either the "phonetic" or "semantic" radical was 
accepted. 
Sequences - since days of the week and months of the year are based on counting (eg 
star day one, star day two etc) these were not included. 
Alliteration, rhyme, word repetition and non-word repetition items were all modified 
appropriately. The other tasks did not require modifications. 
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9.2 Cohort 
Pilot studies for the Chinese testing was carried out in two schools in Hong Kong. As 
a result of this testing, modifications were made to the procedure and the content. A 
further five schools were then selected in Hong Kong, chosen to be representative of 
the general population. The children were in the third year of school, and were of the 
same age as the English cohort. Data was collected in five schools in Hong Kong, 
having three to five classes per school in year 3. 
Group and individual testing was conducted by the Hong Kong Education Department 
school Educational Psychologists. 
A total of 522 children were tested in the group testing, of which a further 82 were 
selected for individual testing. Each of these children, their teachers and their parents 
were asked questions regarding their background to eliminate potential confounds due 
to lack of opportunity, socio-economic deprivation and language environment. 
Careful consideration was given to the matching procedure, with each child with a 
spelling deficit being matched in terms of age, gender, classroom (ie. teaching 
environment) and Raven's score with an average/good speller peer. 
This procedure led to 39 children with spelling deficits (the discrepant group) and 39 
matched children with good spelling ability (the control group) being assessed on all 
measures in the test battery. The numbers of males to females was the same in both 
groups. 
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9.3 Summary of selection confirmation data 
Table 9.1 presents summary matching data. On average the age of the discrepant group 
was 8.304 years (sd = 0324) compared to 8347 years (sd 0.365) for controls. This 
gave a West results of t=-. 541 and p= . 590 (df=76). Results for Raven's gave a 
value of 40.21 (sd = 5.502) for discrepancy group and 39.79 (sd = 5.545) for controls. 
T-test values were F= -328 and p=0.744 (df=76). 
The criterion used to distinguish between the two groups was dictation (spelling). The 
mean value for the discrepancy group was 26.26 (sd=6.116) and 40.15 (sd=6.511) for 
the controls. T-test results gave t= -9.715, significant at a level p<0.001 (df=76). 
These results shown here highlight those values used to determine the discrepant and 
control groups from the whole class cohort. This testing provided the means to derive 
two separate groups. Comparisons of these two groups for reading reveals that the 
discrepanct group also differs significantly (p <001) from the control group. 
Table 9.1: Test summary score sheet for matched cohort 
Descrepants Controls West 
Age (in years) 8304 8.347 -. 541 
. 324 . 365 . 590 
Raven's (correct answers) 40.21 39.79 . 328 
5.502 5.545 . 744 
Dictation (words correct) 26.26 40.15 -9.715 
6.116 6.511 . 000 
Reading test (words correct) 43.10 53.38 -4.039 
11.745 10.71S . 000 
Reading non-word 9.21 9.26 -. 088 
2.557 2.613 1 . 930 
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9.4 T-test results 
T-test results are shown here, reported within the framework discussed in Chapter 4. 
Phonological data 
Comparative skills in phonological tasks are shown in Table 9.2. Here comparison is 
made between the two groups in the areas of alliteration and rhyme. Neither of them 
showed significant differences in this cohort. 
Table 9.2: Phonological skills - Mean, standard deviations and t-tests 
Discrepant Controls West 
Alliteration test - Total correct 7.23 6.89 . 702 
1.870 2.311 . 485 
Rhyme test - Total correct 7.54 7.44 . 094 
1 1 5.206 1 4.738 . 925 
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Auditory system 
Only sound discrimination reached any level of significance, and that was only for a 
one tail test. (See Table 93) 
Table 9.3: Auditory system - Mean, standard deviations and Wests 
Discrepants Controls West 
Word repetition - Lines correct 5.13 4.82 . 728 
2.067 1.668 . 472 
Non-word repetition - Lines correct 3.97 3.72 . 602 
2.096 1.638 . 549 
Rhythm tapping - Total correct 5.23 4.87 . 778 
1.870 2.191 . 439 
Digit Span - max length - DSM 7.44 7.41 . 131 
. 821 . 910 . 896 
Reverse digit span - Max Length 5.41 5.08 1.249 
2.081 1.539 . 216 
Reverse digit span - Number correct 4.67 4.28 . 796 
1.493 1.213 . 429 
Sound discrimination - Total correct 14.56 15.51 -1.665 
2.780 2.223 . 100 
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Visual system 
Two of the visual short term memory test procedures in the comparison of the Chinese 
data cohorts were of note. The controls were shown to have significantly fewer 
rotational effors, whilst the total number of lines correctly sequenced approached 
significance in the two tailed tests. These suggest that visual skills play a part in 
Chinese dictation, the criterion which distinguished these groups. (See Table 9.4) 
Table 9A Visual system - Mean, standard deviations and t-tests 
Discrepants Controls West 
Shape copying 5.56 5.74 -. 639 
1.188 1.292 . 525 
Shape from memory 6.51 6.13 . 932 
1.726 1.766 354 
SQL - a) Total lines in sequence 3.62 4.26 -1.935 
1.388 1.534 . 057 
SQM - b) Max. cards in seq 4.41 4.44 -. 032 
3.998 3.042 . 975 
SQR - c) Rotation error/corr seq. 1.51 2.64 -2.002 
1.8481 2.995 . 049 
SQRT - d) Total rotational errors. 7.95 4.136 . 595 
1 8.51 1 4.248 1 . 554 
Speed of processing 
T-tests, for rapid naming of numbers and reading speed indicated significant differences 
between the two groups. (See Table 9.5) 
Table 9.5: Speed of processing - Mean, standard deviations and t-tests 
Discrepants Controls West 
Rapid number picture (seconds) 42.77 43.21 -. 193 
8.232 11.418 . 847 
Rapid number naming (Chinese) 26.68 23.38 2.325 
1 
5.921 6.273 . 023 
Reading test - Total correct in 1 min 33.51 39.59 -2.960 
1 9.040 1 9.092 . 004 
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Lexical processing 
Table 9.6 presents results for the lexical measures. None of the Wests indicated 
significant difference between discrepant and control groups. 
Table 9.6: Lexical system - Mean, standard deviations and wests 
Discrepants Controls Mest 
Word repetition - Lines correct 5.13 4.82 . 723 
2.067 1.668 . 472 
Non-word repetition - Lines correct 3.97 2.096 . 602 
1 3.72 1 1.638 1 . 549 
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9.5 Correlation data 
This section is concerned with correlational data, shown separately for discrepants and 
controls. This will allow an analysis of possible difference of significance between 
cognitive functioning of the two groups. 
Correlations of Raven's with spelling and reading 
For discrepants there was a correlation of . 292 (p = . 071) between Raven's and 
dictation, and even stronger correlation of 0.436 (p=. 005) for the discrepancy group. 
(See Table 9.7) 
The only correlation between Raven's and measures of reading was for controls with 
reading non-words (r--0391, p=0.014). (See Table 9.8) 
Table 9.7: Correlations between Raven's and dictation 
Discrepants Controls 
SWD SVM 
RAV . 436 
P=. 005 
. 292 
P=. 071 
Table 9.8: Correlations between Raven's and reading 
Discrepants Controls 
RDM RDT RNW RDM RDT RNW 
RAV . 082 
P=. 620 
. 034 
P=. 838 
-. 020 
P=. 904 
. 176 
P=. 285 
-. 018 
P=. 913 
391 
P=. 014 
For key to abbreviations, see Chapter 6 
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Phonological skills and dictation 
Table 9.9 shows comparisons of the correlations between the tasks for both the 
discrepants and the controls. As can be seen from the table, there is no significant 
correlation between alliteration and dictation scores. However, rime does significantly 
correlate with dictation for controls but not for discrepants. 
Table 9.9: Correlations between components of phonological segmentation and 
assembly processes and spelling 
Discrepants Controls 
SWD SWD 
ALLIT -. 021 
P=. 897 
. 173 
P=. 298 
RIME . 168 
P=. 306 
. 485 
P=. 002 
Phonological skills and reading 
Only the correlation between words read in one minute and rime approached 
significance. (See Table 9.10) 
Table 9.10: Correlations between phonological segmentation and assembly processes 
and reading 
Discrepants: Controls 
RDM RDT RNW RDM RDT RNW 
RDM . 814 . 340 . 641 . 332 
P=. 000 P=. 034 P=. 000 P=. 039 
RDT . 814 . 341 . 641 . 065 
P=. 000 P=. 034 P=. 000 P=. 694 
ALLIT -. 197 -. 153 . 160 . 025 . 201 . 142 
P=. 229 P--. 352 P=. 329 P=. 884 P=. 227 P=. 394 
RIME . 085 037 -. 194 . 284 . 220 . 141 
P=. 608 P=. 822 P=. 238 P=. 080 P=. 179 P=. 393 
For key to abbreviations, see Chapter 6 
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Auditory processes and spelling 
Correlations between spelling and auditory processes are presented in Table 9.11. For 
discrepants, the significant correlates were non-word repetition and reverse digit span, 
whilst for controls it was the rhythm tapping and digit span that were significant. 
Overall this suggests that the controls perform better if they have a good auditory short 
term memory, whereas the discrepant performs better if they have manipulative 
abilities. The non-word results may be a result of using re-coding (manipulative) 
strategies, rather than short term memory. 
Table 9.11: Correlations between components of auditory processes and spelling 
Discrepants Controls 
SWD SWD 
VIREP . 253 . 204 
P=. 120 P--. 214 
NWRU . 421 . 024 
P=. 008 P=. 885 
RTAP . 199 . 514 
P=. 224 P=. 001 
DSMD . 092 . 331 
P=. 575 P=. 039 
RDSMD . 390 . 281 
P=. 014 P=. 083 
RDSML . 464 . 083 
P=. 003 P=. 614 
SD -. 157 -. 186 
P=. 339 P=. 258 
For key to abbreviations, see Chapter 6 
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Auditory processes and reading 
Table 9.12 presents the correlations between audiory processes and reading. 
For discrepants, both word and non-word repetition were found to be statistically 
significant for reading words in one minute (RDM) and total words read (RDT). 
Corresponding results for controls were not significant, but non-word reading did 
correlate significantly with word reading at the one tail level. Discrepants also showed 
significant correlation between reading total and reverse digit span. Controls did show 
significant correlation between rhythm tapping and forward digit span. These results 
suggest that, as with spelling, whilst the non-literacy (RTAP) and non-manipulative 
aspects of auditory memory correlate to reading skills for controls, it is the ability to 
manipulate (RDSMD) and possibly encode (WREP and NWREP) that are important 
for discrepants. Encoding in words may be through direct access to the whole word, 
while non-words may recode using analogy. 
Table 9.12: Reading and auditory processes 
Discrepants: Controls 
RDM RDT RNW RDM RDT RNW 
RDM . 814 . 340 . 641 . 332 
P=. 000 P=. 034 P=. 000 P=. 039 
RDT . 814 . 341 . 641 . 065 
P=. 000 P=. 034 P=. 000 P=. 694 
WREP . 317 . 443 . 234 . 189 . 265 . 283 
P=. 049 P=. 005 P=. 152 P=. 248 P=. 104 P=. 081 
NVR, EP . 396 . 539 . 045 -. 042 . 015 -. 056 
P=. 012 P=. 000 P--. 785 P=. 802 P--. 649 P=. 733 
RTAP . 214 . 255 . 265 . 318 . 352 . 332 
P=. 191 P=. 117 P--. 103 P=. 048 P=. 028 P=. 039 
DSMD . 086 . 151 -. 169 . 253 . 318 -. 045 
P=. 602 P=359 P=303 P=. 120 P=. 048 P=. 784 
RDSMD . 210 . 361 . 011 . 211 . 216 . 035 
P--. 200 P=. 024 P=. 945 P=. 197 P=. 186 P=. 834 
RDSML . 390 . 390 . 048 . 193 . 054 . 161 
P=. 124 P=. 014 P=. 772 P=. 239 P=. 743 P=. 328 
SD 012 -. 082 -. 069 -. 073 -. 069 . 149 
P=. 941 P=. 621 P=. 678 P=. 660 P--. 675 P=. 365 
For key to abbreviations, see Chapter 6 
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Visual processes and speffing 
Table 9.13 presents the correlations between visual processes and spelling ability. Both 
groups show a significant correlation between shape copying and dictation scores, 
though only the result for discrepants reaches significance if the conventional criteria 
of a two-tailed test is applied. 
Table 9.13: Spelling and visual processes 
Discrepants Controls 
SWD SWD 
SHAPE . 364 . 292 
P=. 023 P=. 071 
SQL -. 298 . 064 
P=. 065 P=. 697 
SQM . 153 . 163 
P=. 353 P=323 
SQR -. 107 . 112 
P=. 513 P=. 497 
SQRT -. 124 -. 032 
P=. 451 P=. 845 
SFM -. 181 -. 157 
P=. 284 P--354 
For key to abbreviations, see Chapter 6 
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Visual processes and reading 
Table 9.14 shows the correlations between visual processes and reading ability. For 
shape copying (SHAPE), controls showed significant correlation with reading skills, 
suggesting a dependence on visual skills in the Chinese language. Furthermore, 
correlation for the discrepant group suggests that they too use these skills, but not to 
such an extent. (They would be significantly correlated if a one-tail test were used. ) 
In visual sequencing tasks for discrepants, lines correct (SQL) correlated negatively 
with RDM. That is, the fewer lines they correctly sequenced, the higher the reading 
score in one minute. The role of visual processing is further highlit in several other 
discrepant correlations (rotational errors (SQR) with reading in one minute and total 
words read, and well as lines correct with reading total. 
This may suggest that good visual sequencing skills within this group may be leading 
to an inappropriate use of the visual elements in reading. 
Table 9.14: Visual processes and reading 
Discrepants Controls 
RDM RDT RNW RDM RDT RNW 
RDM . 814 . 340 . 641 . 332 
P=. 000 P=. 034 P=. 000 P=. 039 
RDT . 814 . 341 . 641 . 065 
P=. 000 P=. 034 P=. 000 P=. 694 
SHAPE . 227 . 281 . 273 . 365 . 408 . 386 
P=. 164 P=. 084 P=. 093 P=. 022 P=. 010 P=. 015 
SQL -. 458 -. 282 -. 259 . 064 . 043 . 042 
P=. 003 P=. 082 P--. III P--. 697 P--. 793 P--. 798 
SQM -. 109 . 075 -. 032 . 185 . 213 -. 190 
P=. 508 P=. 651 P=. 848 P=. 261 P=. 194 P=. 247 
SQR -. 290 -. 284 -. 028 . 043 -. 039 -. 011 
P=. 073 P=. 080 P=. 864 P=. 796 P=. 813 P=. 945 
SQRT . 127 -. 247 . 078 -. 101 -. 199 -. 105 
P=. 442 P--. 130 P--. 636 P--. 542 P--. 224 P--. 526 
SFM -. 035 -. 027 -. 123 -. 015 . 104 -. 005 
P=. 837 I P=. 875 I P=. 470 P=. 932 I P=. 540 I P=. 977 
For key to abbreviations, see Chapter 6 
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Speed of processing and spelling 
Table 9.15 presents the correlations between speed of processing measures and 
spelling. There was significant correlation for discrepants and controls for the 
orthographic based rapid naming of numbers in both Chinese and English, but not for 
the object naming. 
Significant correlations were also found in reading words in one minute. 
Table 9.15: Speed of processing and spelling 
Discrepants Controls 
SWD SWD 
RNN -. 340 
P=. 040 
-. 495 
P=. 002 
RNP -. 066 
P=. 689 
-. 234 
P=. 152 
RDM . 492 
P=. 001 
. 602 
P=. 000 
For key to abbreviations, see Chapter 6 
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Reading and speed of processing 
Table 9.16 shows the correlations between reading and speed of processing measures. 
For controls, it appears the faster the reading of numbers and objects, the better the 
reading of words. Non-words is also correlated highly with number naming. However 
for the discrepants only, number naming was significantly correlated with reading in 
one minute. 
This suggests that for discrepants, whilst reading speed may be predicted from number 
naming scores, as would be expected, the overall reading ability for both words and 
non-words is not dependent upon naming speed. However, for controls there is a high 
level of predictability, except for object naming and non-word reading. 
Table 9.16: Reading and speed of processing 
Discrepant Control 
RDM RDT RNW RDM RDT RNW 
RDM . 814 . 340 . 641 . 332 
P=. 000 P=. 034 P=. 000 P=. 039 
RDT . 814 . 341 . 641 . 065 
P=. 000 P=. 034 P=. 000 P--. 694 
RNN -. 370 -. 251 -. 171 -. 635 -. 633 -. 359 
P=. 024 P=. 134 P=. 312 P=. 000 P=. 000 P=. 032 
RNP -. 250 -. 080 -. 015 -. 449 -. 372 -. 165 
P=. 125 P=. 630 P=. 927 P=. 004 I P=. 020 P=. 323 
For key to abbreviations, see Chapter 6 
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Spelling and lexical processes 
Correlations between lexical processes and spelling are shown in table 9.17. As 
previously noted, the significant correlation between dictation scores and non-word 
repetition for discrepants suggests that the better the ability to hold novel sound strings 
in short term memory, ie without lexical access, the better the dictation scores will be. 
Table 9.17: Spelling and lexical processes 
Discrepants Controb 
SWD SWD 
WREP . 253 
P=. 120 
. 204 
P=. 214 
NWREP . 421 
P=. 008 
. 024 
P=. 885 
For key to abbreviations, see Chapter 6 
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Lexical processes and reading 
Table 9.18 shows the correlations between reading and lexical processes. The 
discrepants showed a significant correlation between reading ability and both word and 
non-word repetition, which is not the case with controls. This suggests that the ability 
to hold a string of literacy related sounds in memory, irrespective of a lexical access, 
predicts reading ability, though not for reading non-words. 
Table 9.18: Lexical processes and reading 
Discrepant Controls 
RDM RDT RNW RDM RDT RNW 
VMEP . 317 
P=. 049 
. 443 
P=. 005 
M4 
P=. 152 
. 189 
P=. 248 
. 265 
P=. 104 
. 283 
P=. 081 
NWREP . 396 
P=. 012 I 
. 539 
P=. 005 I 
. 045 
P=. 785 
-. 042 
P=. 802 I 
. 075 
P=. 649 I 
-. 056 
P=. 733 
For key to abbreviations, see Chapter 6 
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9.6 Regression analysis 
Since the intention is to investigate the relationship of the independent literacy skills of 
spelling and reading to cognitive processing, the regession analysis is crucial in the 
understanding of how language requirements may differ. Stepwise regressions were 
used throughout. 
Dictation 
Discrepants 
Results in a stepwise regression analysis using data from the discrepant individuals 
show that 21% of the variance was accounted for by a measure of reverse digit span 
(RDSMD). A further 9% was accounted for by non-word repetition (NWREP), and 
another 8% by Raven's Matrices. These three factors accounted for 38% of the 
variance. (See Table 9.19) 
Table 9.19: Regression for discrepants 
R R2 Adi R' Std Err 
RDSMD . 482 . 232 . 
210 5.462 
NATREP . 
583 340 . 301 - 
5.137 
WVENS 
1 . 661 
1 
. 437 
1 
. 386 
ý 4.817 
Controls 
The principal component of this regression was rhythm tapping (21%), and a further 
9% was attributable to rhyme. Total amount was 30.7% from these two factors. (See 
Table 9.20) 
Table 9.20: Regression for controls 
R R' Adj RI Std Err 
RTAP . 486 . 236 . 214 5.823 
+RIME . 589 . 347 . 307 5.466 
For key to abbreviations, see Chapter 6 
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Reading words in total 
Following preliminary analysis, a stepwise regression using all those tests that had 
been indicated as potential predictors in this regression analysis, was used. 
Discrepants 
Results in a stepwise regression analysis using data from the discrepant individuals 
show that 30% of the variance was accounted for by non-word repetition. A further 
8% was accounted for by a measure of reverse digit span (RDSMD). These two factors 
accounted for 37.9% of the variance. (See Table 9.21) 
Table 9.21: Regression for discrepants 
R RI Adj RI Std Err 
NWREP . 565 320 300 9.874 
RDSMD . 643 A14 379 9.302 
Controls 
Results in a stepwise regression analysis using data from the control individuals show 
that 29% of the variance was accounted for by rapid naming of numbers. A further 8% 
was attributed to forward digit span (DSMD), and 8% to shape copying. (See Table 
9.22) 
Table 9.22: Regression for controls 
R R' Adj R' Std Err 
RNN . 555 . 308 . 287 9.273 
DSMD . 637 . 406 . 370 8.718 
SHAPE 1 . 705 
1 
. 497 
1 
. 449 
1 8.150 
For key to abbreviations, see Chapter 6 
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Reading in one minute 
Discrepants 
Results in a stepwise regression analysis using data from the discrepant individuals 
show that 17% of the variance was accounted for by a measure of visual sequential 
memory (SQT), a further 18% with non-word repetition (NWREP), and another 8% by 
rapid naming of numbers (RNN). (See Table 9.23) 
Table 9.23: Regression for controls 
R RI Adj RI Std Err 
SQT . 440 . 193 . 170 8.318 
NWREP . 625 . 390 354 7338 
RNN . 691 
1 
. 477 
1 
. 430 
1 6. 
Controls 
Results in a stepwise regression analysis using data from the control individuals show 
that 35% of the variance was accounted for by rapid naming of numbers. (See Table 
9.24) 
Table 9.24: Regression for discrepants 
R I RI I Adi R' I Std Err 
RNN 
1 
. 605 
1 
. 367 
1 
. 348__ 
-1 7.316 
For key to abbreviations, see Chapter 6 
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Non-word reading 
Discrepants 
Analysis found no factors for regression with discrepants. 
Controls 
Results in a stepwise regression analysis using data from the control individuals show 
that 14% of the variance was accounted for by number naming. (See table 9.25) 
Table 9.25: Regression for controls 
RI R_ Adi R_ I Std Err 
RNN 
1 
. 405 
1 
. 164 
1 
. 140 
1 2.453 
For key to abbreviations, see Chapter 6 
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Chapter 10 
Brasileira 
(Portuguese) Data 
Estas advertincias linhwn sido escritas 
por Cristofer Robin que era o dnico na 
floresta que poderia soletar; entretanto 
para o Coruja, o sdbio de indItiplas 
inteliggwias: caz ler e escrever e 
soletrar o nome dek COJURA, contudo 
de algwna maneirafol ludoparajogado 
for com palavras delicadas como 
SARAMPO e TORRADAS AMANTEIGADAS 
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Chapter 10 Brasileira data 
10.1 Introduction 
Brasileira is the language of Brazil, and is related to the Portuguese language as 
spoken in Portugal. However, there are a number of minor differences in pronunciation 
and vocabulary. This pilot study was carried out in the city of Sao Paulo, Brazil. The 
data is included for completeness to provide a contrast to the results in the two 
alphabetic scripts, English and Hungarian. Although not as transparent as Hungarian, 
there is a considerably greater phoneme-grapheme correspondence than in English. 
However, it has been noted that the methods of teaching use a whole word approach, 
rather than a phonics based programme which would appear to be more suited to this 
language. Consequently results were expected to be similar in some respects, but also 
show difference in some parts. Caution should be exercised in this data set since it is 
only a pilot study, and close inspection showed that there may be floor effects in the 
discrepant groups in the spelling task. For this reason, and the size of the data set, data 
analysis has been restricted to t-tests only. 
10.2 Test modirications for the Brasileira language 
A set of tests was devised for the Brasiliera language data production in line with that 
laid out in Chapter 5, and that devised for the English data. Modifications of the test 
items for Brasileira testing, which take account of the transparency of the script, were 
as follows: 
Group test 
Spelling test - Since no appropriate test was available, a spelling test was devised 
based on prior research. 
Non-words spelling - Based on the work carried out to devise the spelling test, a series 
of non-words were devised that allowed child to spell words either by using direct 
phoneme-grapheme correspondence rules or by analogy. 
Individual testing 
Reading test - As with spelling, there was no standard reading test, therefore one was 
devised based on prior research. 
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Non-word reading - non-words were devised which attempted to force the child to read 
using grapheme-phoneme correspondence rules or analogy. 
Alliteration, rhyme, word repetition, non-word repetition and sequenced items were all 
modified appropriatel. The other tasks did not require modifications. 
10.3 Cohort 
This pilot study involved the testing of 40 children in three groups, which led to the 
selection of 12 children (6 discrepants and 6 controls) for individual testing. 
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10.4 Summary of selection confirmation data 
On average the age of the discrepant group was 7361 (sd--0.136) compared to 7.528 
(sd = 0.287) for controls. This gave t-test results of t= -1.268 and p= . 234. Results 
for Raven's gave mean values of 14.33 (sd = 3.445) for the discrepant group and 18.17 
(sd = 4.834) for controls. T-test values were t=-1.582 and p=0.145. (See Table 10.1) 
The criterion used to distinguish between the two groups was spelling words. The 
mean value for the discrepant group was . 83 (sd=l. 169) and 13.67 (sd=3.077) for the 
controls. A West produced a t-value of -9.551 and p=. 000. 
The results shown here highlight those values used to determine discrepant and control 
groups from the whole class cohort. Further comparisons of the groups revealed that 
the discrepant group was also significantly different from the control group t=-4.324, 
p=. 002) for reading scores (total words correct) consistent with the former presenting 
worse literacy skills than the controls. Non-word spelling and non-word reading were 
also highly significant. 
Table 10.1: Test summary score sheet for matched cohort 
Discrepant Controls West 
Age 7361 7.528 -1.268 
. 136 . 287 . 234 
Ravens 14.33 18.17 -1.582 
3.445 4.834 . 145 
Spelling words . 83 13.67 -9.551 
1.169 3.077 . 000 
Spelling - non-word . 00 5.000 -7.906 
. 000 I. S49 . 000 
Reading test total number correct . 33 11.83 -4.324 
. 516 6.494 . 002 
Reading non-word . 00 5.67 -4.715 
. 000 2.944 . 00 1 
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10.5 Comparison of discrepant and control groups 
T-test results are presented in the context of the framework in Chapter 4. Independent 
sample t-tests were performed to compare the two groups on each of the measures 
included in the test battery. These are reported based on their theoretical contribution 
to each of the factors discussed in previous sections of this thesis. Due consideration 
will be given in the final analysis to the size of these groups, and the presence of some 
floor effects in some literacy tasks. 
Phonological data 
Comparative skills in phonological tasks are shown in Table 10.2. Here comparison is 
made between the two groups in the areas alliteration and rhyme. While alliteration 
was significant, rhyme was not significant, under the conventional criterion of a two- 
tailed test. However, a p-value of 0.047 would be produced if a one-tailed test were 
performed. 
Table 10.2: Phonological skills - Mean, standard deviations and t-tests 
Discrepant Controls West 
Alliteration test - Total correct 3.83 7.33 . 3.354 
1.941 1.663 . 007 
Rhyme test - Total correct 7.50 12.08 -1.886 
3.376 4.903 . 089 
NB In the Table 10.2 the results in bold are significant in a one-tail test at the 0.05 
level or better. 
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Auditory system 
Measures of auditory short term memory reached significance in a West that compared 
these two groups. Furthermore, the non-literacy measure of auditory memory (rhythm 
tapping) also differentiated the two groups, suggesting that auditory short term 
memory skills predict literacy skills. (See Table 10.3) 
Table 10.3: Auditory system - Mean, standard deviations and Wests 
Discrepant Controls West 
Word repetition - Lines correct 3.17 433 -1.127 
2.401 . 816 . 286 
Non-word repetition - Lines correct 333 4.17 -1.016 
1.966 . 408 333 
Rhythm tapping - Total correct 
1 
3.00 4.67 -2.331 
1.549 . 816 . 042 
Digit Span - max digits 2.00 4.67 -3.322 
1.549 1.211 . 008 
Digit Span - number of lines 2.00 6.17 . 3.983 
1.673 1.941 . 003 
Reverse digit span - Max digits 2.00 2.83 -1.746 
1.095 . 408 . 111 
Reverse digit span - lines correct 2.00 3.00 -1.936 
1.095 . 632 . 082 
Sound discrimination - Total correct 16.83 18.33 -1.096 
3312 . 516 . 299 
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Visual system 
Only shape copy showed significant difference in West comparison in the Brazil data. 
(See Table 10.4) 
Table 10.4: Visual system - Mean, standard deviations and t-tests 
Discrepant Controls West 
Shape copying 2.67 4.33 -1.838 
1.033 1.966 . 096 
Shape from memory 3.67 3.17 . 455 
1.966 1.835 . 659 
SQL - a) Total lines in sequence 2.83 3.17 -392 
1.722 1.169 . 703 
SQM - b) Max. cards in seq 3.00 3.33 -. 500 
1.265 1.033 . 628 
SQR - c) Rotation effor/coff seq. 2.50 2.17 . 274 
1.871 2.317 . 790 
SQRT - d) Total rotational errors. 12.67 13.00 -. 178 
3.502 2.966 1 . 862 
Speed of processing 
Three tasks were assigned to this group: a) rapid naming of pictures, b) rapid naming 
of numbers, and c) reading in one minute, as shown in Table 10.5. All measures 
reached significance, though rapid naming of objects, was only significant in a one tail 
test. (NB For one child, the rapid naming of numbers was unexpectedly slow on the 
first trial, creating an anomolous result. However, since all children had two trials with 
this task, and there was no significant difference between the trials, results from the 
second trial were used. ) 
Table 10.5: Speed of processing - Mean, standard deviations and t-tests 
Discrepant Controls West 
Rapid number picture (seconds) 65.500 47.500 2.158 
17.490 10.559 . 056 
Rapid number naming (seconds) 75.500 50.333 3.53 
13.457 11.129 . 005 
Reading test - Total correct in I min . 00 2.83 -2.268 
. 000 3.061 1 . 047 
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Lexical processing 
Table 10.6 shows that neither of the two measures approached significance. 
Table 10.6: Lexical system - Mean, standard deviations and wests 
Discrepant Controls West 
Word repetition - Lines correct 3.17 433 -1-127 
2.401 . 816 . 286 
Non-word repetition - Lines correct 
F33 
4.17 1.016 
1.9 . 408 333 
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Chapter 11 
Welsh Data 
Ysgrifenwyd yr hysbysiadau hyn gan 
Christopher Robin, a oedd yr unig un 
yn y goedwid a fedrau sillafu; roedd 
y gwdihw, er ei fod yn ddoeth mewn 
Ilawerfford, t yn medru darllen a 
sillafu ei enw "HWDIGW", er hynny 
yn mynd yn ddarnau gyda ge iriau fe I 
FRECH GOCH a TOST YMENYN. 
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Chapter 11 Webh data 
11.1 Introduction 
This Welsh pilot study was carried out using the town of Brynmawr, Blaenau Gwent. 
The data is included for completeness, but should be treated with caution as it is only a 
pilot study. For this reason, data analysis has been restricted to Mests only. The data is 
included for completeness to provide a contrast to the results in the two alphabetic 
scripts, English and Hungarian, and the transparent language which is taught in a 
whole word manner, Portuguese. Although not as transparent as Hungarian, there is a 
considerably greater phoneme-grapheme correspondence than in English. 
Consequently results were expected to be similar to those of Hungarian. 
11.2 Test modifications for the Welsh language 
A set of tests was devised for the Welsh language data production in line with that laid 
out in Chapter 5, and that devised for the English data. Modifications of the test items 
for Welsh testing, which take account of the transparency of the script, were as 
follows: 
Group test 
Spelling test - The standardised Welsh Spelling Test was used. However, only raw 
scores, rather than normed scores, were used. 
Non-word spelling - Based on the work carried out to devise the spelling test, a series 
of non-words was devised that allowed the child to spell words either by using direct 
phoneme-grapheme correspondence rules or by analogy, 
Individual testing 
Reading test - As with spelling, the standardised Welsh reading test was used. 
Non-word reading - non-words were devised which attempted to force the child to read 
with using grapheme-phoneme correspondence rules or analogy. 
Alliteration, rhyme, word repetition, non-word repetition and sequenced items were all 
modified appropriately. The other tasks did not require modifications. 
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11.2 Cohort, 
This pilot study involved the testing of 34 children, which led to the selection of 12 
children (6 discrepants and 6 controls) for individual testing. 
11.3 Summary of selection confirmation data 
On average the age of the discrepant group was 7.43 (sd=0.274) compared to 7.37 (sd 
0357) for controls. This gave a Mest results of t= . 448 and p= . 661. Results for 
Raven's gave mean values of 26.13 (sd = 7.53) for the discrepant group and 25.88 (sd 
= 8.18) for controls. T-test values were t= . 064 and p=0.950. (See Table 11.1) 
The criterion used to distinguish between the two groups was spelling words. The 
mean value for the discrepant group was 12.63 (sd=43 1) and 20.13 (sd=5.28) for the 
controls. The t-test produced a t-value of -3.114 and p=. 014. 
The results shown here highlight those values used to determine discrepant and control 
groups from the whole class cohort. Further comparisons of the groups revealed that 
the discrepant group was also significantly different from the control group for reading 
scores (t= -2.824, p=. 014)(total words correct) consistent with the former presenting 
worse literacy skills than the controls. Non-word spelling and non-word reading were 
also significantly different. 
Table IM: Test summary score sheet for matched cohort 
Discrepant Controls West 
Age (years) 7.43 737 . 448 
. 274 . 357 . 661 
Raven's (total correct answers) 26.13 25.88 . 064 
1 7.53 8.18 . 950 
Spelling words (total words correct) 8.88 14.75 . 3.060 
3.227 4.367 . 008 
Spelling non-word 3.75 5.38 . 3.060 
1.753 1.768 . 008 
Reading test (total words correct) 37.75 62.25 -2.824 
22.58 9.60 . 014 
Reading non-word 7.50 9.75 -2.220 
2.828 . 463 . 043 
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11.4 Comparison of discrepant and control groups 
T-test results are presented in the framework as discussed in Chapter 4. Independent 
sample t-tests were performed to compare the two groups on each of the measures 
included in the test battery. These are reported based on their theoretical contribution 
to each of the factors discussed in previous sections of this thesis. Due consideration 
will be given in the final analysis to the size of these groups. 
Phonological data 
Comparative skills in phonological tasks are shown in Table 11.2. There is no 
significant difference between the groups for alliteration and rhyme. 
Table 11.2: Phonological skills - Mean, standard deviations and t-tests 
Discrepant Controls West 
Alliteration test - Total correct 8.88 9.13 -. 384 
1.356 1.246 . 707 
Rhyme test - Total correct 16.38 17.88 -1.178 
1 3335 1.356 . 258 
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Auditory system 
None of the measures of auditory short term memory reached significance in a west 
that compared these two groups. (See Table 113) 
Table 11.3: Auditory system - Mean, standard deviations and Wests 
Discrepant Controls West 
Word repetition (Lines correct) 4.75 4.43 . 574 
1.282 . 787 . 576 
Non-word repetition (lines correct) 5.13 5.71 -. 960 
. 641 1.604 . 355 
Rhythm tapping (Total correct) 5.38 4.86 . 455 
2.615 1.574 . 656 
Digit Span (Max digits) 5.00 5.25 -. 552 
. 756 1.035 . 590 
Digit Span (lines correct) 7.00 7.63 -1.049 
1.069 1.302 . 312 
Reverse digit span (Max digits) 3.13 2.88 . 599 
. 991 . 641 . 559 
Reverse digit span (lines correct) 3.63 338 . 384 
1.598 . 916 . 707 
Sound discrimination (Total correct) 17.63 18.75 -1.075 
1 2.774 1.035 . 301 
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Visual system 
Neither of the Mest procedures in the comparison of the Welsh data cohorts reached 
significant, levels. (See Table 11.40) 
Table 11A Visual system - Mean, standard deviations and Wests 
Discrepant Controls West 
Shape copying 4.875 4.25 . 989 
. 991 1.488 . 340 
Shape from memory 5.25 5.25 0.000 
1 1.581 1 1.282 1 1.000 
Speed of processing 
Three tasks were assigned to this group: a) rapid naming of pictures, b) rapid naming 
of numbers, and c) reading in one minute, as shown in Table 11.5. Rapid naming of 
numbers was significant, as was reading words in one minute. 
Table 11.5: Speed of processing - Mean, standard deviations and wests 
Discrepant Controls West 
Rapid number picture (seconds) 52.13 45.00 . 964 
17.208 11.880 352 
Rapid number naming (seconds) 53.38 44.00 2.349 
9.303 6.392 . 034 
Reading test - Total correct in I min 16.00 33.14 . 2.705 
1 1 11.352 13.209 1 .0 18 
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Lexical processing 
Neither of the tests shown in Table 11.6 reached significance. 
Table 11.6: Lexical system - Mean, standard deviations and t-tests 
Discrepant Controls West 
Word repetition (Lines correct) 4.75 4.43 . 574 
1.282 . 787 . 576 
Non-wo repetition (Lines correct) 5.13 5.71 -. 960 
1 . 641 1.604 . 355 
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Chapter 12 
Discussion and conclusions 
'Oh! 'said Pooh. 
'Oh, Pooh! 'said everyone else 
except Eeyore. 
Thank-you, 'growled Pooh. 
But Eeyore was saying to himsetf, 
'This writing business. Pencils and 
what-not. Over-rated, if you ask me. 
Silly stuff. Nothing in it. ' 
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12.1 Introduction 
The purpose of this research was to test the hypotheses stated in Chapter 4. This was to 
be achieved by development of an instrument that could successfully assess 
individuals' cognitive profiles with respect to literacy skill acquisition, and be modified 
for different language and script environments. 
Following wide research and consultation on the design, the test was first used in 
English, and then in languages and scripts that were as different as possible from each 
other. The other two principal scripts chosen, Hungarian and Chinese, proved to be 
ideal candidates for this cross-linguistic study, and all test items (with the exception of 
non-word spelling in Chinese) were readily modifiable to those language/script 
environments. The languages chosen represent the key areas of interest. English is a 
relatively irregular language that uses an alphabetic principle. Hungarian has a highly 
transparent correspondence between written symbol and sound, but is complex in 
terms of its agglutination. Chinese is 'logographic' (or morphophonemic) in principle 
and, the relationship between sounds, written representation and their corresponding 
meaning is not one-to-one. That is, although there may be a semantic element within a 
character that indicates the root of the word (eg the character for 'lake' includes a 
representation of the character for 'water') it is not possible to construct the meaning 
from the elements of the logograph alone, and the meaning associated with the 
logograph may change depending upon the context. Furthermore, the degree of 
inconsistency and irregularity also means that sounds cannot be predicted from the 
written script. 
Further research, on a smaller scale, was conducted in Brasileira and Welsh. Brasileria 
was chosen because, like Hungarian, it uses a regular script. However, unlike 
Hungarian, it is not agglutinal. Additionally, schools in Brazil focus on a whole word 
teaching approach used to support the acquisition of this regular alphabetic language, 
allowing an assessment of the impact of such an approach on learning. Wales was 
chosen because children are expected to learn two different alphabetic-based writing 
systems: one, English, that is relatively irregular; the other, Welsh, that is relatively 
regular but, like Hungarian, agglutinal in structure. 
In general, the findings indicate that language or script may well lead to variations in 
the specific manifestation of literacy difficulties in a given individual. These 
variations should be treated as additional sources of evidence when interpreting the 
individual's cognitive profile. Strengths and weaknesses presented in a profile may be 
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appropriate for learning one language/script, but may lead to problems when 
attempting to acquire a different written language. Such a conclusion is consistent 
with the theoretical issues discussed in this thesis (see also Smythe and Everatt, 2000). 
The purpose of this concluding section is to provide a general discussion of the 
findings and their implications, as well as provide the opportunity to compare findings 
across language contexts. Given the need for caution in comparing across different 
languages (see Chapter 3 of this thesis), the analyses reported here have been chosen to 
assess the main points of interest in the research and within the framework of the 
model outlined in Chapter 4. Such a model provides a means of comparison by factors 
or modules without the need for direct equivalence in measures. 
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12.2 The hypotheses and results 
The purpose of this study was to test a series of hypotheses, as stated in Chapter 4. 
These are restated here, with a synopsis of the findings in relation to each. Further 
discussion will be found in the conclusions for the specific languages, and in the 
sections on implications for research and future directions below. 
1) difficulties in reading and writing may be assessed within the following modular 
framework: 
phonological segmentation and assembly 
auditory system 
visual system 
speed of processing 
lexical system 
This framework may be used irrespective of language or script. 
The test developed targeted each of these areas based on previous research and 
theoretical positions. As such, each has appropriate content validity in its construction. 
Study I used factor analysis of the test items in conjunction with measures from the 
WISC to indicate the relationship between the various sub-tests, and provide a research 
basis for the testing framework. The results suggested that the measures were assessing 
factors consistent with those proposed in the modular framework. However, it was 
noted that there is no indication of a lexical factor as such, suggesting that if this is a 
valid construct, then the tests used do not reflect the construct. 
2) The role of the underlying cognitive components in children with reading and 
writing difficulties will vary in accordance with the demands of the different 
orthographies and scripts. 
Significant differences were found between children with and without literacy 
difficulties in one or more of the measures used for all the languages considered. 
However, the specific differences varied according to language context. Given the 
framework presented above, these differences suggest that certain areas of processing, 
or modules, are deficient in children with literacy problems; however, the deficient 
module varies with language/script, as suggested in the hypothesis. 
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Table 12.1 provides a cross-language comparison of the measures that showed 
significant and non-significant differences between children with and without literacy 
difficulties. 
Table 12.1 Comparison of West results for the five languages investigated 
English Hungaria Chinese Brasileira Welsh 
Alliteration x x 
Rhyme x x x 
Word repetition x 
Non-word repetition x x - 
Rhythm tapping - x 
Digit span max digits x - x 
Digit span lines correct - x 
Reverse digit span (max dig) x 
Reverse digit span (lines cor. ) x x 
Sound discrimination x x x 
Shape copy x 
Shape from memory n/a 
SQL total lines in sequence - - x - n/a 
SQM max cards in sequence - - - n/a 
SQR rotation error in cor. seq - - x - n/a 
SQRT total rotation errors - - - n/a 
Object naming x x x 
Number naming X x X x x 
Reading in a minute x x x x x 
Key to Table 12.1 
x Significant at p<05 (two tailed) 
x Significant at p< 10 (two tailed, or . 05 in a one tailed test) 
n/a Not available 
Not significant 
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3) There are common cognitive deficits in children with reading and writing 
difficulties iffespective of language. 
Although differences across languages were found in the modules implicated in 
literacy difficulties, some consistency was also evident. In particular, speed of access 
of the orthographic lexicon (as measured by rapid naming of digits) differentiated 
children with and without literacy difficulties across all language contexts considered 
in this study. Similarly, phonological skills differentiated the groups with literacy 
difficulties from their more able peers in three of the five languages under 
consideration. In Chinese, although results did not indicate differences at this age, they 
have been shown as predictors of reading difficulties in younger children (Ho and 
Bryant, 1997). 
4) Predictors of variation in literacy skills will vary between children with and children 
without literacy problems. 
As well as variations in predictors of difficulties across languages, it was also found 
that there was considerable variation in predictors of literacy skill between good and 
poor readers/spellers. In each language context, the data suggest that those with 
literacy difficulties have different cognitive strengths and weaknesses compared to 
those with normal literacy development. Furthermore, the data demonstrate that those 
measures which showed between group differences did not necessarily predict the 
level of those difficulties presented by children within the discrepant group. This will 
be further discussed in later sections. 
In order to assess these findings, the following sections will assess the results on a 
country by country basis before attempting to make comparisons and conclusions. 
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12.3 English 
The results show that children with and without literacy difficulties could be 
differentiated by phonological (alliteration and to a lesser extent rhyme), auditory 
(digit span, word and non-word repetition and, to a lesser extent, sound discrimination) 
and speed of processing (number naming and, to a lesser extent, object naming). 
These results are in line with previous research that suggests that phonological skills 
are a significant factor in children successfully developing word level literacy skills 
(eg Snowling, 2001; Goswami, 2002; Bradley and Bryant, 1983). They are also 
consistent with findings that those with literacy difficulties perform worse on measures 
of auditory short-term memory and rapid naming (Bowers and Wolf, 1993; Denckla 
and Rudel, 1974; Rack, 1997; Torgesen and Houck, 1980; Wolf, 2001). In addition, 
they confirm the typical findings that measures of visual processing do not 
differentiate groups of children with and without literacy problems (eg Everatt, 1999; 
Snowling, 2000). The consistency of these findings with current research literature 
suggests that the tests procedure and framework construction are valid within this 
context. 
Regression analyses indicate that alliteration accounts for the largest part of the 
variance in the spelling ability of the children with literacy difficulties. This is in line 
with the hypothesis that phonemic awareness, and the need to isolate the individual 
phoneme, which in this case is the first phoneme, is crucial. Interestingly, visual skills 
may be negatively associated with literacy amongst these children: ie, the poorest 
spellers in this group seem to perform better on measures of visual short-term memory. 
This may suggest an over-reliance of visual memory to support spelling due to 
weaknesses in other areas (eg phonological processing), or that visual memory 
interferes with literacy at this stage of acquisition. The potential negative influence of 
visual memory is also found in measures of speed of reading and non-word reading. 
As with spelling, word reading is mainly predicted by phonological skills, though 
auditory short-term memory seems to be important for reading non-words. 
In contrast, the good literacy ability group show evidence of general reasoning skills 
explaining variability in their non-word processing skills and speed of processing as an 
important feature in spelling and speed of reading. However, they are consistent with 
their less able peers in that phonological skills are important for explaining variability 
in word reading and spelling. 
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Overall, this suggests that those with literacy difficulties appear to use different 
strengths to aid their literacy skills, though some of their cognitive strengths may have 
a negative influence on their literacy acquisition. Hence the child who is making more 
use of visual strengths seems to be the one who is most struggling in terms of literacy 
skills. Such findings support the use of additional techniques/strategies or skills to 
support these visual areas. For example, a phonics-based or, potentially more 
profitable, a multisensory programme might prove successful with these individuals. 
The multisensory strategy would certainly allow the child's strengths to support the 
acquisition of phonological skills. For a further discussion of such teaching issues, see 
the section on implications for teaching later in this chapter. 
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12.4 Hungarian 
The results indicate that the two groups are differentiated by tasks that are based on 
auditory factors (ie, non-word repetition and, to a lesser extent, sound discrimination) 
and speed of processing (ie, number naming and, to a lesser extent, object naming), 
together with the potential effects of phonological factors (ie, rhyme). Given the 
relative scarcity of research on the association between cognitive deficits and 
difficulties in the acquisition of literacy skills in the Hungarian language (see 
discussions in Gyarmathy, in press; Gyarinathy and Smythe, 2001), few comparisons 
with previous studies can be made. Nevertheless, categorising variables within the 
five factor framework used in this research produces similar findings to those 
presented in the English data, suggesting the possibility of comparisons with the 
English literature. This perspective, however, can be contrasted with differences in the 
specific measures of these factors that differentiate good and poor literacy children 
across the two languagetscript backgrounds. 
Analysis of the data within the framework proposed suggests that the phonological 
components in Hungarian may be less significant in this transparent language than in 
an opaque language such as English. Although West results were not significant for 
either rhyme or alliteration, an effect size* around 0.5 in both cases suggests that with 
an increased data set size, differences between groups on rime and alliteration tasks 
may be found. Hence the role of phonological factors cannot be eliminated. 
However, in those skills with a strong dependence on an auditory component, it is 
interesting to note that there were no between group differences for items with a 
lexical entry (that is, word repetition and digit span), but there was a difference on the 
test of phonological storage that does not access a lexical entry (non-word repetition). 
This suggests that those with the better spelling ability may be able to hold novel 
sound strings in memory more easily, and are therefore more able to advance their 
literacy skills. 
Speed of processing also distinguished the two groups, significantly with rapid naming 
of numbers, and approaching significance with rapid naming of objects. This is 
consistent with results found in other transparent languages, such as German (Wimmer, 
* Effect sizes are based on the difference between control and discrepant group means 
divided by the standard deviation of the control group. 
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1994). The fact that the present data shows that poor rapid naming is related to low 
levels of spelling accuracy means that it does not suffer from the potential problems of 
categorising good and poor literacy children based on their reading speed. Such a 
categorisation method may inflate the relationship with speed-based measures such as 
rapid naming (see discussions in Chapter 3). It is possible, therefore, to comment more 
confidently on the relationship between poor literacy skills and speed of processing. 
With 34% of the variance in spelling accounted for by alliteration in the discrepant 
cohort, it is suggested that the ability to segment sounds may be an important process 
for those with literacy difficulties. The fact that the dependence on alliteration appears 
to be less for controls (alliteration accounts for only 11 %), but that spelling is 
significantly predicted by sound discrimination (32%), suggests that once the 
preliminary skills of segmentation are acquired, it is the ability to discriminate between 
sounds that is important. This interpretation is supported by the results for non-word 
spelling where again it was the alliteration task that predicts the ability for dyslexics, 
but an auditory task that predicts ability for controls. However, it is important to note 
that for controls it is now the rhythm tapping task (ie an auditory memory task without 
a linguistic component) that appears to be the most significant, predictor. 
For discrepants, reading speed is strongly predicted by the rapid naming tasks and, in 
particular, the rapid naming of numbers, a task that accesses an orthographic rather 
than a semantictvisual representation. For controls, the main predictor is the 
phonological segmentation (alliteration) component. This contrasts with the English 
and Chinese cohorts, where the rapid naming task is predictive for the controls, but to 
a much lesser extent for the discrepants. 
One possible explanation is that in the Hungarian language the discrepant child is 
constantly trying to build up each word on a letter by letter basis, and therefore will 
require repeated access to the orthographic lexicon, as indicated by the rapid naming of 
numbers task. Such individual letter access may be slower than that for the controls 
and, consequently, the discrepant reading. 
However, the good reader may use an alternative strategy related to the ability to 
segment words, and use analogies. Conversely, in English, where units greater than the 
individual letter may be more important (eg rime units), it is the ability to segment the 
word that affects the speed of reading for discrepants. Once that ability is mastered, at 
least to a reasonable degree of competence (as happens with the controls), then it is 
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access time, as measured by rapid naming, that is more predictive. Similar effects are 
found in Chinese for the controls, whilst the variance for the discrepants does not 
include a phonological component, due to the nature of the script. 
The ability to read non-words for discrepants is predicted by auditory short term 
memory, and may be an effect of internal rehearsal ability. That is, these Hungarian 
children are constructing the words item by item, holding the intermediate construction 
in the phonological loop. However, for the controls, the predictor is rapid naming, 
which may be a reflection of the ability to perform the graphemic to phonological 
representation fast enough to provide a "word" as opposed to a string of dissociated 
phonemes. 
Overall, this suggests that for Hungarian children, at least in this age group, there are a 
number of factors that are important depending on the task in question. Phonological 
segmentation and assembly skills are less important than in an opaque language (eg 
English) for controls though moderately predictive for discrepants. However, auditory 
tasks, such as sound discrimination and auditory memory are significant predictors for 
the control group in spelling tasks. This suggests that not only are the profiles very 
different between the two groups, with the discrepant and control group appearing to 
have differences in abilities and predictors, but they also show different profiles to 
those presented by children in the other languages, as suggested by Hypothesis 2. 
12-12 
Chapter 12 - Discussions and conclusions 
12.5 Chinese 
The Chinese data provides a comparison between the alphabetic principles of English 
and Hungarian and a 'logographic' script. In general, the data support the view that 
there is a much more complex interrelationship between orthographic, phonological 
and semantic lexicons in the Chinese writing system than found amongst alphabetic 
orthographies. In particular, the results indicate that groups of good and poor literacy 
children can be differentiated by measures of sound discrimination (auditory factor), 
visual short-term memory (visual factor) and rapid naming of digits (speed of 
processing). These findings are noticeably different from those identified in the 
previous two contexts. Of note is the lack of phonological differentiation. The rime 
unit, usually regarded as important in literacy skill acquisition in alphabetic scripts (eg 
Goswami, in press), seems to be unimportant as a source of differentiation between 
high and low levels of skill amongst the Chinese learners. Although previous studies 
(eg Ho and Bryant, 1997) have suggested that the rime unit is important even with 
those learning Chinese, the cohorts used in their study were younger than the group 
assessed in this thesis. Interestingly, Hanley (1999) reports a study that also fails to 
find a difference between good and poor literacy children in terms of rhyming tasks. 
Again, Hanley's subjects were older than those of Ho and Bryant, raising the question 
of whether the riming skills, are a pre-requisite or an anomalous by-product of early 
literacy. 
Differences that are found between groups also indicate important contrasts with the 
data from the English and Hungarian cohorts. As with both alphabetic-based 
languages, speed of lexical access seems to be an important factor. However, in 
contrast with the other language contexts, this focuses on rapid naming of numbers. 
Both English and Hungarian cohorts also show differences approaching significance 
for rapid naming of pictures. In the Chinese case, the performance of poor and good 
literacy children is almost identical for rapid naming of pictures. 
Additional contrasts with the English and Hungarian data can be found in the effects of 
visual system and auditory system measures. Unlike the other language contexts, 
visual factors seem to be important for differentiating between good and poor literacy 
children. Also contrary to the English and Hungarian cohorts, most of the auditory 
tasks do not differentiate. The only one that approaches significance is the sound 
discrimination task which shows a similar effect size in Chinese to that found in the 
other two languages. 
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Interestingly, it appears that the auditory system plays a substantial part in predicting 
variability in literacy skills within this cohorts of children. The largest predictor for 
poor spellers is the ability to hold word-based sounds in memory and repeat those 
sounds. In contrast, whilst the controls do use auditory memory, they also appear to 
supplement it with rhyming skills. For reading, again it is auditory memory skills 
which are the largest predicators of reading ability in poor spellers and readers. 
However, the controls use three different areas of cognitive processing, namely speed 
(number naming), auditory memory (digit span) and a visual element (shape copying). 
When reading is timed, and whilst the principal component for controls remains the 
same (ie, number naming), the most important predictor for discrepants is a visual task. 
Orthographic access (number naming) is only the third factor for poor spellers. This 
suggests that whilst speed of access to the orthographic lexicon is important in literacy, 
those with literacy difficulties may attempt to supplement their skills with visual skills. 
As with the other countries investigated, the negative correlation between the visual 
task and the reading task suggest that good visual ability is related to poor literacy 
skills. 
In each of the reading tasks for controls, number naming (orthographic access) plays a 
considerable role, accounting for 29%, 35% and 14% for total words read, reading 
speed and non-word reading respectively. This suggests there is a considerable 
contribution made by rapid naming to the reading process. One possible interpretation 
is that reading Chinese requires the ability to access unequivocally the precise item, 
since it cannot be constructed from its component parts as with alphabetic scripts. 
Similarly, with rapid number naming, it is necessary to clearly identify the precise item 
(ie number) each time. The specifications of this orthographic unit may therefore play 
an important role in reading Chinese. This possibility suggests an analogy with the 
findings of Brown (1995). Brown (1995) suggested that there is (at least in English) a 
"neighbourhood" effect, which may be described as the ability to distinguish between a 
word and its near "neighbours" which may be similar due to phonological, visual or 
orthographic similarity. The greater the degree of phonological, visual or orthographic 
distinctiveness, the less the degree of any "neighbourhood" effects. The suggestion 
here is that the greater the separation between items, the faster each one of these items 
will be accessed. Furthermore, because of the nature of the Chinese script, it is 
suggested that there will be considerable neighbourhood effects. Therefore, a fast 
naming task result suggests rapid access, clear differentiation between items, and 
therefore more ability to distinguish between items when asked to read them. 
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Overall, the results suggest a strong dependence on the speed and auditory elements, 
with much less reliance on phonological segmentation and assembly skills than is 
encountered in both English and Hungarian. Furthermore, there are clear differences 
between the poor and good literacy Chinese cohorts. These are further confirmation of 
Hypotheses 2 and 4. 
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12.6 Brasileira 
The pilot study performed in Brazil was insufficient to provide a full analysis at the 
same level as the three principal research languages. However, even with the caveat of 
sample size, there are a number of interesting aspects that should be mentioned. 
Reading scores for the discrepant group were very low, possibly reflecting that the 
easiest words in the list were still too difficult for these children. However, the 
alliteration and rhyming skills did not show floor effects, and may have been a 
significant contributor to the reading difficulties since they showed significant 
differences between the groups. The role of auditory short term memory was 
demonstrated by differences between the groups being found in digit span and 
confirmed by rhythm tapping. As shown in other countries, rapid naming of numbers 
also proved to be an area that showed significant differences between the two groups. 
Since, like Hungarian, the Brasileira. script is relatively transparent, the results for 
alliteration and rhyme skills may be expected to reflect those found in Hungarian. The 
discrepancy between the two data sets suggests that the traditional Brazilian whole 
word teaching approach may be a significant influence. The data indicate that the 
predictors of cognitive difficulties for these children may be more closely matched to 
that of the English child. The results corroborate the importance of the phonological 
processes in Brasileira, as described by Capovilla and Capovilla (1998). Furthermore, 
it has been suggested (Capovilla et al, 2001) that the dyslexic individual would 
perform better if taught using a phonics approach. 
The proposed interpretation is that the cognitive requirements may be more similar to 
those of the opaque English script than the similarly transparent Hungarian script due, 
at least in part, to the teaching methods. It is suggested that research which investigates 
the role of teaching, ie comparing traditional, whole word teaching approach with a 
phonics method, may find that a phonics approach to teaching is be more appropriate. 
This change would, it is suggested, lead to cognitive demands for those with good and 
poor literacy skills more closely matching those found in Hungarian. 
An alternative interpretation is that Hungarian and Brasileira vary in terms of the 
agglutination of the language and corresponding orthography. Brasileira. may be more 
like English in this respect. Similarities and differences between the three languages 
may as much be due to the level of agglutination as their transparency. 
12-16 
Chapter 12 - Discussions and conclusions 
12.7 Welsh 
The initial study performed in Wales was insufficient to provide a full analysis to the 
same extent as was possible in the three principal research languages. However, 
comparisons can be made. 
The rapid naming of numbers task clearly differentiated between the two Welsh 
cohorts. Furthermore, whilst the t-test results did not demonstrate a difference between 
the two cohorts for phonological segmentation and assembly skills (alliteration and 
rhyme), the effect size of 1.1 for rhyming skills suggests that even though significance 
is not reached, these skills may be important. This would be in line with those results 
for Hungarian, a similarly transparent language, where rhyme skills did appear to show 
some distinction between the two groups. The role of rapid naming is consistent with 
the other countries reviewed. 
The results are in line with those found by Spencer (2000) who suggested that Welsh 
children did not use rhyme skills as early as their English peers, but did start to be 
significant at the age of the children in this current study. The result in Wales also 
reflect that found in Greek, where Porpodas (1990) suggested that Greek children, 
working in a transparent language, also did not use rhyming skills during the early 
years of literacy acquisition, but by age ten had certainly started to use word units 
larger than the phoneme, such as the rime unit. This is also consistent with the results 
of Lukatela et al (1995) for Serbo-Croatian and Cossu et al (1988) with Italians. 
However, care must be taken in drawing comparisons as results elsewhere in Chapter 
12 suggest that the role of rhyme may not necessarily be implicated. The studies 
discussed here (Porpodas (1990), Lukatela et al (1995) and Cossu et al (1988)) refer to 
a continuous data set, as opposed to the dichotomous approach of this study. Given 
that the results from the three principal languages of this study suggest that the two 
cohorts have very different predictors, interpretation of only the Wests must be treated 
with caution. 
Overall, the results for Welsh are consistent with those found in Hungarian. Although 
differences were noted between these languages particularly in the significance of the 
Mests for rhyme, non-word repetition and sound discrimination, where the Welsh 
results were non-significant. However, effect sizes for both rhyme and sound 
discrimination were larger for the Welsh cohort than for the Hungarian. These suggest 
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that a larger Welsh data set will show even more consistency with the Hungarian 
findings and that the main difference between the groups is in terms of non-word 
repetition. Such minor differences may also be accounted for by the bilingual nature of 
the Welsh cohort or the role of morphology in the Welsh language (including 
knowledge of word derivation, and an understanding of way the word mutations may 
occur). 
12.8 Results in the context of the rive point model 
Figure 12.1 illustrates the results in the context of the five point model for the three 
principal languages. The figures plot the contribution of each of the five modules to 
the variance measured within the testing procedure, for the five literacy related skills, 
for the discrepants and controls in three countries. The figure is presented to show in 
summary form that the contribution of each module is different not only between 
countries, but also between the discrepant and control groups, thus confirming the 
second hypothesis. 
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Figure 12.1 Graphic representation of regression analysis* 
M Phonological 
I IM Auditory Each block represents the amount of variability explained by E 
Visual one of six factors (ie the modules in the five factor framework, 
Speed plus Raven's Matrices. 
Lexical 
Raven's 
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12.9 ImpUcations for research 
This research set out to demonstrate that; a) the underlying reasons for reading and 
writing difficulties may differ across languages, and b) cognitive processes vary for 
those with and without literacy difficulties in those languages. Within this research a 
number of issues have been highlit, which warrant further consideration when both 
carrying out the research and the reporting thereof. 
a) Definitions of dyslexia 
In Chapter 1 it was suggested that the variability of the definitions of dyslexia not only 
made comparative studies difficult, but also led to confusion about underlying 
difficulties. This research, in concentrating on the behavioural. outcomes of reading and 
spelling, avoids definitional issues, and demonstrate that the underlying cognitive 
difficulties that affect reading and spelling vary between languages. In order to 
understand the underlying difficulties, and thereby provide an appropriate education 
plan, it is important to understand those issues. 
If a definition/terminology is required, then consideration should be given to a 
definition that will explicitly highlight the diversities of skills required to be assessed 
in order to understand the difficulties. As a consequence, the following "definition" 
was proposed and adopted by the Adult Dyslexia Organisation (Reid and Kirk, 2000): 
Dyslexia is a difficulty in the acquisition of literacy skills which may be due to 
a combination of difficulties in phonological segmentation and assembly 
skills, auditory and visual processing. Speed ofprocessing and word access 
may also be important. 
b) Reporting language context 
These findings suggest that it would be inappropriate to generalise research findings 
across languages, and any reporting of research should always indicate the specific 
language context. This research has clearly demonstrated that it is no longer tenable to 
say that "reading and writing difficulties are caused by ........ unless the results are 
contextualised in language and script. 
c) Generaffsation of flindings 
Results from this research showed that the correlations between some literacy skills 
and cognitive skills can be very different when reviewing the discrepant group as 
opposed to the control group. This suggests that a linear model, ie one that conforms to 
a standard formula of the type "y=mx + c", may be inappropriate in some cases. 
12-20 
Chapter 12 - Discussions and conclusions 
d) Perceptions of inteRigence 
Although it has been argued at length that the reading and spelling skills are poorly 
correlated to measures of intelligence (eg Stanovich and Siegel, 1994), little account 
has been taken of the relationship between cognitive models of literacy acquisition and 
the theoretical models of intelligence. The difficulty of mapping literacy related 
cognitive skills to intelligence models was highlighted in Chapter 4, and the 
confirmation of the hypotheses within this research suggests that if a modular approach 
is adopted for intelligence, then the models must demonstrate an ability to map onto 
the cognitive components of literacy acquisition as highlighted in this research. Failure 
to do this would mean they have not attempted to reflect cognitive functioning, and 
therefore, arguably, cannot be a measure of intellectual ability. 
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12-10 Future directions 
Cohort 
This research chose specifically to compare and contrast two cohorts; those with and 
those without reading and writing difficulties. An alternative approach to this is to test 
all children within a specific environment, and see to what extent generalities may be 
drawn and predictions made. Given that the research suggests that what may predict a 
literacy outcome in one cohort, may not predict, or has a different level of prediction, 
in the other cohort, suggests that if all children were measured, ie using a continuum 
model, the relationship between predictor and outcome may not be linear. Future 
research could investigate the level of prediction provided by the different tests in a 
continuous data set. 
Furthermore, in analysing previous research it was discovered that many researchers 
relied on external factors, eg research carried out external to the study including the 
categorisation of the 'dyslexic' cohort, which were not subsequently accounted for 
within the test procedure. This practice needs to be carefully considered in reporting 
such research as, for example, the learning environment may influence the results. 
Language diversity 
Three languages were considered which were selected to be representative of very 
different forms of scripts. Two further languages provided an opportunity for 
confirmation of results. Further work on the Welsh data could confirm the Hungarian 
analysis. However, other possibilities also exist. For example, testing in Spanish, a 
transparent language related to, but more transparent than, Brasileira, would provide 
more data in a transparent but non-agglutinal language, and would allow a comparison 
with the Brasileira data. Another example of a language that could be used to 
demonstrate difference is German, which is not as transparent as Hungarian, but is also 
agglutinal. 
Although there is currently no full classification of languages, there are a number of 
variables that may at least be compared and contrasted. These, as mentioned 
previously, include transparency, agglutinisation and morphology. 
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Bilingual research 
Whilst the monolingual situation as discussed in this research is of considerable 
interest, further information about the way language is processed will also be deduced 
from an analysis of the way different languages are processed. The situation in Wales, 
a bilingual country, offers the opportunity to compare and contrast bilinguals who use 
two languages represented by the roman alphabet, though there are some minor 
differences. 
Although some Japanese data was collected in the pilot phase, the rigidity of the state 
education system, and a reluctance to provide time for testing, prevented the collection 
of a data set that could be analysed. However, some individual results did suggest that 
further analysis of the Japanese system, which uses both a 'syllabary' (kana) and a 
Chinese character (kanji) system could be worthy of closer study. As well as being able 
to investigate the relationship between the cognitive processes and the scripts 
independently, it would confirm if the independence of the two scripts (kana and kanji) 
as noted in Alzheimers patients (see Chapter 2), can also be found in children starting 
the process of learning to read and write. 
Morphologkal knowledge 
A number of studies have noted the importance of understanding the word derivation 
in the acquisition of literacy skills. Adding this component, arguably to the 'lexical' 
module, may account for further variance, and would be expected to be greatest where 
morphological knowledge has already been demonstrated to be important, such as the 
Danish (Elbro, 1996) and Chinese (Hanley et al 1999). However, measures of 
morphological awareness should also take account of the ability of words to mutate in 
a language, such as found in Welsh, where initial sounds (and letters) of a given word 
may change depending on the context. 
Visual segmentation and assembly module 
As a result of this work, and that of others (eg Chow, 2001), it has been suggested that 
there may be a visual equivalent of the phonological segmentation and assembly skills 
postulated here (Smythe, Lai and Everatt, submitted). This may be regarded as a visual 
segmentation and assembly module. Although noted within the context of the Chinese 
script, where some children appear to have greater difficulty in noting the individual 
elements of characters and words, this may also be important in alphabetic scripts, 
whereby the ability to visually segment will reinforce the development of the 
orthographic lexicon, as well as provide further information in respect to 
morphological knowledge. 
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Teaching in relation to strengths and weaknesses 
Although it is acknowledge that there are limitation as to the ability to match teaching 
to specific weaknesses, considerable work has been carried out where the intervention 
prograrnme has attempted to take account of the specific cognitive deficits (eg Lyon, 
1983). An intervention study, where the teaching plan was based upon a detailed 
analysis of cognitive strengths and weaknesses, may lead to more informed teaching 
practice. For example, will the Hungarian poor speller respond better if helped to 
improve the sound discrimination skills used by the good spellers, or will it be better to 
build on their strengths? Some research (eg Brooks and Weekes, 1999) suggests that 
using strengths is a better way. 
Understanding language comparisons 
The multiplicity of underlying issues concerned with the classification of languages 
may be considered to be similar to the difficulties encountered in understanding 
literacy difficulties. In the same way that it is now known that an understanding of the 
phonological difficulties of the child are insufficient to understand why they are failing 
and to build an appropriate individual education plan, so results from this thesis 
demonstrate that it is no longer tenable to suggest that there is a simplistic relationship 
between orthographic transparency and the difficulties of the dyslexic child. Further 
research needs to be carried out not only to understand the relationship between 
language descriptors (eg degree of phoneme-grapheme correspondence and levels of 
agglutinisation) and reading and writing difficulties, but also into the classification of 
languages using structure descriptors (eg transparency, agglutinisation and 
morphology) (MacWinney, 2001, private correspondence). 
Predictability 
The regression analysis results in the English data set appear to predict more than half 
the variability in both cohorts of most of the tasks. However, in the other languages 
this level of prediction is never reached, though there is no reason to believe that the 
level of variability that should be possible to ascribe to cognitive factors should be less 
in one language than another. The English data set suggests that a large part of the 
variance may be explained by cognitive issues, and therefore failure to have such 
predictability in the other groups may be due to a failure to include test items which 
would measure cognitive processing that was significant in literacy acquistion in 
diverse languages. Given that the battery was based on worldwide analysis of current 
research, this suggests that literacy research in diverse languages still tends to be based 
around those tests originally devised for use in English, and that further investigations 
need to carefully employ elements that are of less thoroughly investigated in English, 
such as morphological awareness, and the effects of agglutinisation. 
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12.11 Implications for practice 
In theory, the needs of the individual with specific learning difficulties are already 
provided for through international legislation that has been ratified by most countries 
(Smythe and Everatt, in preparation). In 1948 the UN General Assembly, in Resolution 
217 Article 26, declared that 'Everyone has the right to education. Education shal I be 
free, at least in the elementary and fundamental stages. Elementary education shall be 
compulsory. 'To an extent, the failure to specify that the education must be made 
appropriate was improved by the end of the Jontiern Conference, (Jontiem, 1990) 
where it was agreed that people should 'be able to benefit from educational 
opportunities designed to meet their basic learning needs' (Article 1), and that 'Steps 
need to be taken to provide equal access to education to every category of disabled 
persons as an integral part of the education system' (Article 5). Of particular interest 
was the note that 'The focus of basic education must, therefore, be on actual learning 
acquisition and outcome, rather than exclusively upon enrolment' (Article 4), and 
'should be met through a variety of delivery systems' (Article 5). 
However, it was only with the Salamanca Statement (10th June 1994), that individual 
differences were acknowledge, as they recognised that 'every child has unique 
characteristics, interests, abilities and learning needs' and 'education systems should be 
designed and educational programmes implemented to take into account the wide 
diversity of these characteristics and needs'. Furthermore, the Salamanca guidelines 
included a need to take full account of individual differences (Statement 21), adapting 
to the needs of the child (Statement 28), providing additional assistance and support to 
children requiring it (Statement 29), identifying difficulties and assisting pupils to 
overcome them (Statement 3 1) and appropriate teacher training (Statement 42). 
What arguably is still lacking, is the implementation of such rhetoric. This required 
completion of three stages: a) design and implementation of policies, b) the 
development of resources for assessment, intervention and support, and c) training of 
those concerned with the development of the child. 
The preceding discussion suggests that in order for the rights of the individual to be 
implemented, the specific difficulties are identified and addressed. Therefore the 
concept of having a clearly defined disability (dyslexia) no longer seems to be a term 
that has a use in the provision of appropriate education in the classroom. 
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Effective teaching programmes have clearly demonstrated that these children with 
specific learning difficulties can, and do learn (Torgeson et al, 1987; Lyons, 1988). 
They may require different teaching methods, longer time, and more resources, human 
or otherwise, but they do learn. However, the educational system would see this as an 
increased demand on resources, and therefore cost efficiency (educational 
improvement versus financial implications) may diminish. Personal rights, improved 
teaching practice and technology have improved the situation for individuals who do 
not learn as effectively as their peers in a mainstream setting. However, until there is 
the oppportunity for every child to develop to their own potential, then the demand for 
labels will remain. 
The way forward 
Unfortunately, whilst waiting for the Utopian system where each child develops to 
their full potential, many children will continue to fail. However, if policies are in 
place there should be a natural progression, from first concerns, through assessment, 
into intervention. The purposes of an assessment should be to produce an appropriate 
individual education plan (IEP) that clearly identifies the individual's strengths and 
weaknesses, specific needs, the timescale and resources required (Reid, 1999). It 
should attempt to match the teaching style to the preferred learning style of the 
individual (Given and Reid, 2000), to maximize the amount that will be leamt in a 
given time, and not provide labels such as 'dyslexia' that are of dubious advantage. 
This research suggests that with appropriate care and attention, the assessment tools 
can be found that will identify those specific needs, irrespective of the language in 
question. 
Several examples of 'differential dyslexia' have been reported that demonstrate when a 
child learns more than one script, there is the potential for uneven literacy acquisition 
(Wydell and Butterworth, 1999). Again, clear specification of the task will ensure 
appropriate teaching. The questions raised for the assessment procedure must be 
specific, such as 'Why is this child failing to learn in the language of instruction? '; or 
possibly in a mixed script environment, whether this is in Japan or a biscriptal 
community in England is not important, then the question may need to be modified to 
'Why is this child failing to learn (in) this scripff Only by asking the appropriate 
question will the child have any hope of receiving appropriate intervention. 
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Bibliography 
'What does Crustimoney 
Proseedcake mean? 'said Pooh. 
'For I am a Bear of Very Little 
Brain, and long words Bother me. " 
'It means the Thing to Do. ' 
'As long as it means that, I don I 
mind, 'said Pooh humbly. 
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Appendix 
English Cognitive Profiling Test 
It had HUNNY written on it, but, just 
to make sure, he took off the paper 
cover and looked at it, and it looked 
just like honey. 'But you never can 
tell, 'said Pooh. V remember my 
uncle saying once that he had seen 
cheese just this colour. 'So he put his 
tongue in, and took a big lick. 'Yes it 
is. No doubt about that. ' 
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Appendix 
On the folllowing pages are illustrated some of the tasks used in this cross-linguistic 
study. They are included to aid interpretation of the nature of the tasks where they are 
not widely used. Conventional tasks, such as digit span, have not been included as they 
are extensively discussed elsewhere. 
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Shape copying task 
ÖH 
__ 
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ApNndix 
Shape copying scoring template 
7 J[M___ 
(37. 
. 
67 
JLiIi 
3 1M 
2H 
1 ii ay:. _ 
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Non-word reading task 
One syflable 
gat 
rop 
shug 
hild 
narge 
Two syllable 
higure 
kibnIck 
pachine 
clabnag 
tringdom 
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ARIteration task 
Practice 1 Practice 2 
sell big bang block bright plate 
fat hot felt stair trick swop 
Test Items 1 Test Items 2 
gap got nod train plane prone 
net dig nip spade start break 
rope take time crumb twist climb 
big pit ball pram trap plan 
form fat van great glue crane 
I Rime task 
Practice items 
tack need hack 
rap lap nag 
fit till bill 
Part I Test Items Part 2 Test Items 
main line pain buckle puddle muddle 
fog log bag tight light ride 
fuss tilt wilt niece cheese please 
neck peck beg nip fib tip 
nap hip sap tone home phone 
pen hen pet cattle battle handle 
red big dig should wood food 
pip top hop neat weed seed 
hid did dub ship rip stop 
pack buck rack tree need free 
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Rhythm tapping 
Dash represents a tap, space is a short inverval and Trepresents a long interval. 
(remember, nod) --l-ftemember, nod) -1 --- (remember, nod) 
(nod) (nod) --- I. /- - (nod) Score: 
(nod) (nod) (nod) 
(nod) --- I- (nod) (nod) 
Word repetition task 
pin cat (remember, nod) 
cap sky fin (remember, nod) 
mat crow pick (remember, nod) 
rain pen chair man (remember, nod) 
Pit day 109 shirt (remember, nod) 
cow wool snake hut grape (remember, nod) 
plank lion heel plot den (remember, nod) 
Non-word repetition task 
ket fremembet; nod) 
lum (remember, nod) 
Mup hin (remember, nod) 
ret spige (remember. nod) 
trum fnit nabe (remember, nod) 
ronch tarp keld (remember, nod) 
horp txid nate proog (remember, nod) 
fode wike drup cren (remember, nod) 
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FR-apid 
naming 
Time taken - 
M j DM » ick 
0 
, z79 
0 
21-2 
0 
Number naming 
369582 714628 751349 752143 968149 
826357 356149 827413 978652 
Time taken - 
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Appendix 
Shape drawing from memory 
Items to be draw from memory after seeing them for five seconds. 
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Appendix 
Visual short term memory scoring template 
Av 
How to mark the score sheet 
Write above the pictures the sequence 
2 
Aflf 
Mark a cross in the comer of any 
picture that has a rotational error. 
We `q7 E-C, 
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Sound discruimination 
Practice Items same different 
pig dig S d 
bat bat S d 
lake date s d 
Test Items 
rip tip s d 
sick sack s d 
side side S d 
pet bet S d 
big bog S d 
sit sit S d 
bed bad s d 
dam mad S d 
slow snow s d 
end and S d 
f ish fish S d 
shelled shield S d 
halt hall s d 
try tie s d 
tilt tilt 8 d 
ship sheep s d 
raw war s d 
throw throw 8 d 
rip reap s d 
nib nip s d 
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